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In-situ Sr-isotope data by microdrilling technique, coupled with major and trace element 
analyses, have been performed on plagioclase and clinopyroxene of seven samples collected during 
the 2002-2003 eruptive crisis at Stromboli volcano (Aeolian islands, Italy). During this period, the 
persistent moderate explosive activity characterising this volcano and mainly ejecting scoria bombs, 
lapilli and ash, was broken by an effusive events lasting about seven months (28 December 2002 – 
22 July 2003). Furthermore, a more violent explosion (paroxysm), also erupting light pumice 
occurred on 5 April 2003. A volatile-poor and highly-porphyritic magma (HP-magma), with about 
50 vol% of olivine, clinopyroxene and plagioclase, is represented by scoria and lavas, whereas a 
volatile-rich magma with very low phenocryst contents (LP-magma; usually < 5 vol%) of olivine 
and clinopyroxene, is erupted as pumice. LP-magma is slightly less evolved, but has a distinct 
composition of groundmass and lower Sr-isotope ratios (0.70610 for LP-magma of 5-April 
paroxysm) than HP-magma.  
Although rock textures, mineral compositions and major element contents of whole-rocks are 
practically constant along the course of the effusive event and incompatible trace element 
abundances only slightly decrease in lavas after the 5-April paroxysm, Sr-isotope ratios more 
significantly decrease passing from 0.70616 to 0.70615 in whole-rocks and from 0.70616 to 
0.70613 in groundmasses. Micro-Sr isotope data show the presence of zoned minerals in strong 
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isotope disequilibrium, as previously found in products erupted in 1984, 1985 and 1996 AD, with 
87Sr/86Sr values generally decreasing from cores to rims of minerals. Only some outer-rims are 
found in equilibrium with the host groundmass.  
The internal mineral zones with high Sr-isotope ratios (0.70665-0.70618) are considered to 
represent “antecrysts”, crystallised during the previous activity and recycled in the present-day 
system. The presence of antecrysts, whose abundance increases from the onset to the end lavas 
(estimated from about 12% to 20% of whole-rock), seems to be a constant characteristic of this 
system and, together with the interaction between HP- and LP-magmas, allows maintaining the 
typical present-day steady state conditions. The highest 87Sr/86Sr values of the antecrysts, combined 
with their trace element data, indicate they are recycled since the opening shoshonitic activity of the 
Recent Period, which occurred at about 2.5 ka ago. Although only one low Sr-isotope crystal zone 
is drilled in the internal part of a clinopyroxene (0.70597), the presence of these zones, grown in 
equilibrium with LP-magmas, is inferred by several calculations in proportions 30/70 between 
low/high Sr-isotope crystal zones.  
These data allow understanding the dynamics of the present-day plumbing system of Stromboli 
at intermediate pressure (about 2-3 km depth), where we propose that an HP-magma reservoir is 
directly interconnected at the bottom with a cumulus crystal much reservoir. Efficient mixing 
between HP- and LP-magmas can occur in this reservoir, due to more similar rheological 
characteristics of the two magmas than in the conduit, where further crystallisation driven by 
degassing occurs leading the mineral compositions and the rock textures to reach those typical of 
HP-products. Antecrysts (and possibly melts) re-enter in the HP-magma reservoir both from the 
bottom, recycled by ascending LP-magmas crossing the crystal mush, and from the top, recycled by 
descending degassed and dense HP-magma, residual of the periodic Strombolian explosions at the 
surface. A considerable amount of LP-magma arrived in the shallow reservoir before the onset of 
the 2002-2003 lava flows and mixed with the interstitial melt of the HP-magma triggering, some 
months later, the effusive eruption. New LP-magma was left in the reservoir after the 5-April 
paroxysm, starting to produce an effect at the surface only in the 87Sr/86Sr values of the lava 
groundmass erupted from May onwards, and carrying further antecrysts into the end lava system. 
Finally, we try some calculations on the involved magma volumes, estimating at about 0.002 km3 
the conduit volume, corresponding to about 25% of the total lava volume, which in turn may be a 
proportion of 20% of the inferred HP-magma reservoir volume. The total volume of LP-magma 
input during 2002-2003 is also tentatively estimated to be similar to the magma volume erupted in 





Mineral/liquid elemental and isotopic disequilibria are often found in volcanic rocks and are 
useful for revealing pre-eruptive magmatic processes. Indeed, bulk rocks frequently represent a 
mechanical mixture of various phases with possible different origin (e.g., Davidson and Tepley III, 
1997; Wolff et al., 1999; Tepley and Davidson, 2003; Davidson et al., 2007 and reference therein). 
Mineral phases preserve the history of changing physical and chemical conditions during their 
growth, thus recording more information on processes occurring during the magma ascent to the 
surface than the whole-rock. Accordingly, in-situ mineral determinations of 87Sr/86Sr values, 
associated with major and trace element analyses on core-rim traverses, give us the opportunity to 
recognize the timescales during which magmas arise from their source to their emplacement by 
eruptions. Furthermore, these information help to better understand the configurations of the 
volcanic plumbing systems. Both laser ablation (e.g., Davidson et al., 2001; Ramos et al., 2004) and 
microdrilling techniques (e.g., Tepley III et al., 1999, 2000, Perini et al., 2003) have been used for 
in-situ analyses on phenocrysts and associated glasses. 
This paper reports the results of in-situ Sr-isotope analyses performed in the products (lavas, 
scoria and pumice) erupted during the 2002-2003 period at Stromboli volcano (Aeolian islands, 
Italy), and obtained by the microdrilling method.  
The present-day volcanic activity of Stromboli generally consists of mild explosions, at 
intervals of 3-5 per hour, which eject black scoria bombs, lapilli and ash around the craters. This 
normal “Strombolian” activity is sometimes interrupted by lava flows and more violent explosions 
(paroxysms of different scale) also erupting around a larger area small volumes of light coloured 
pumice, together with scoria and blocks (Bertagnini et al., 1999, 2008; Rosi et al., 2000). The 2002-
2003 eruptive crisis, characterised by one of the most voluminous lava flow of Stromboli in the past 
two centuries, was the most dangerous volcanic crisis occurred in Italy after the 1944 eruption of 
Vesuvius. The crisis had its peak on December 30, two days after the onset of the lava flow, when 
the eastern part of the Sciara del Fuoco collapsed, producing a tsunami that devastated the NE coast 
of the island. Furthermore, after about three months from the beginning of the lava effusion, on 5 
April 2003, a paroxysmal eruption occurred at the summit craters. The lava flow continued for 
about seven months and it was periodically sampled mainly from the active channels (Landi et al., 
2006, 2008). 
Several recent papers have allowed improving the knowledge of the behaviour of the present-day 
magmatic system of Stromboli (e.g., Allard et al., 1994, 2010; Francalanci et al., 1999, 2004, 2005; 
Métrich et al., 2001, 2005, 2010; Landi et al., 2004; Bertagnini et al., 1999, 2008 and reference 
therein), but little is still known on the detailed processes controlling the change from the typical 
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mild explosive activity to the more vigorous paroxysms and lava flow eruptions. In particular, 
previous works focussed on Sr isotope ratios and on micro-Sr isotope analyses  have pointed out the 
importance of these data in understanding the dynamics of the present-day volcanic system of 
Stromboli, and the presence of complex mineral/liquid Sr-isotope disequilibria in products erupted 
between 1984 and 1996 AD (Francalanci et al., 1999, 2005, 2008). The latter led to propose the 
possible existence of a cumulus crystal mush zone sited at intermediate depth.     
The present paper combines in-situ Sr-isotope and major and trace element data of minerals and 
glassy groundmasses for several samples erupted during the seven months of 2002-2003 crisis, in 
order to better understand the isotope disequilibrium processes and to shed lights on the crystal 
recycling mechanisms and the characteristics of the crystal mush. These results are also useful to 
improve our understanding of the timescales of pre-eruptive magmatic processes controlling the 
style of the present-day Strombolian activity.  
 
2. General background 
 
Stromboli island is the northernmost stratovolcano of the Aeolian arc, Southern Tyrrhenian Sea, 
which is located on 20 km thick continental crust (Morelli et al., 1975) (Fig.1). The volcano has an 
elevation of 924 meters above sea level (m. a.s.l.) and continues for 2,000 m b.s.l. The oldest 
subaerial rocks (204 ± 25 ka) form the Strombolicchio neck, located NE of Stromboli island and 
belonging to the same submarine edifice, whereas the island rose from the sea about 100 ka ago 
(Gillot and Keller, 1993). The volcanic history of Stromboli was characterised by six main volcano-
building periods (from the oldest to the youngest: Paleostromboli I, II, III, Vancori, Neostromboli 
and Recent; Fig.1) alternated to volcano-collapsed periods (Francalanci et al., 1993; Hornig-
Kjarsgaard et al., 1993). Among the eight edifice collapses, the youngest ones led to the formation 
of the Sciara del Fuoco depression in its present form, on the NW flank of the volcano (Pasquarè et 
al., 1993; Kokelaar and Romagnoli, 1995; Tibaldi, 2001).  
During the last 200 ka, Stromboli outpoured magmas ranging from calc-alkaline (mainly 
basaltic-andesites), to potassic-alkaline (potassic leucite-bearing trachybasalts and shoshonites), 
through high-K calc-alkaline (high-K basalts and andesites) and shoshonitic (shoshonitic basalts to 
trachytes) (Francalanci et al., 1988; 1989; 1993; Hornig-Kjarsgaard et al., 1993). The variable 
composition of the erupted magmas also characterises the different periods of activity. 
Strombolicchio neck and the products of the Paleostromboli II period (~ 60 ka) are calc-alkaline 
(Fig. 1). Pyroclastic deposits and lavas erupted during the Paleostromboli I (~ 85 ka) and III (~ 35 
ka) periods have mainly high-K calc-alkaline compositions, whereas the activity of the Vancori 
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period (~ 26–13 ka) was mostly characterised by shoshonitic lava flows. Potassic-alkaline lava 
flows were erupted during the Neostromboli period (~ 13-6 ka) from central and eccentric vents, 
which were mainly located in the north-western part of the volcano. Effusive and Strombolian 
activity, erupting shoshonitic (e.g., “Pizzo-Sopra-la-Fossa tuff” and present-day products) and high-
K basalts (e.g., “San-Bartolo lavas”), mainly characterise the Recent period of activity (younger 
than ~2.5 ka) (Fig. 1) (Hornig-Kjarsgaard et al., 1993; Gillot and Keller, 1993; Speranza et al., 
2008, Di Salvo, 2010).  
The variation of magma composition from calc-alkaline to potassic lavas is associated with a 
general increase in incompatible trace element contents and Sr isotope ratios, whereas Nd isotope 
ratios generally decrease. Thus, due to the correlation between magma composition and period of 
activity, the products from each period are practically characterised by specific Sr-Nd isotope data 
(Fig. 1). In particular, Sr isotope ratios are lowest in the calc-alkaline rocks (Strombolicchio and 
Paleostromboli II periods) and highest in the potassic rocks (Neostromboli period), whereas they 
decrease with time in the last 6 ka from Neostromboli period onwards (Francalanci et al., 1988; 
1989; 1993; 1999; 2004). 
 
3. The present-day Strombolian activity 
 
The present-day Strombolian activity, which begun between the third and seventh century (Rosi 
et al., 2000), takes place from several vents in a crater terrace, situated at 750 m a.s.l. on top of the 
Sciara del Fuoco depression (Fig. 1). The “normal” mildly explosive activity ejects fountains of 
blocks, black scoria bombs, lapilli and ash at variable intervals of about 3-5 events per hour. 
Although each crater is characterised by a different explosive dynamics, infrasonic, thermal and 
seismic data indicates that the feeding system is shallow (about 500 m. a.s.l.) and common to all the 
vents. The activity also consists of a persistent bursting of small gas bubbles (one burst every 1-2 s), 
which occur at only one vent at once (puffing). This overpressurized style of degassing releases 
more gas (~100 t/d) than “normal” Strombolian explosions (~35 t/d) (Ripepe et al., 2002, 2008 and 
reference therein).  
The normal explosive activity is sometimes interrupted by lavas flowing into the Sciara del 
Fuoco and lasting from <3 days to 11 months (Barberi et al., 1993; Capaldi et al., 1978). Recent 
notable effusive events occurred from December 1985 to April 1986 (De Fino et al., 1988), in the 
2002-2003 period (Landi et al., 2006, 2008; Spampinato et al., 2008) and from February 27th to 
April 2nd 2007 (Landi et al., 2009).  
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The present-day activity is also characterised by more violent explosions (“major explosions”) 
than the usual ones, which occur with a frequency of about 1–3 events per year (Barberi et al., 
1993; Bertagnini et al., 1999). The major explosions eject meter-sized scoriaceous bombs and 
blocks up to the Pizzo Sopra la Fossa peak and lapilli and ash up to the coastal zones. When coarse 
blocks and bombs also reach the coasts, these violent eruptions are referred to as “paroxysms”. The 
last paroxysms occurred on 5 April 2003 and 15 March 2007, when the lava flows were still active. 
Tsunamis are also generally associated to paroxysmal eruptions and landslides along the Sciara del 
Fuoco scar. The last tsunami occurred on 30 December 2002, triggered by landslides related to the 
lava effusion (Bonaccorso et al., 2003). 
A volatile-poor highly-porphyritic magma (hereafter the “HP-magma”) is erupted as black scoria 
bombs and lapilli by the normal mildly explosive activity and by lava flow effusions. Instead, 
during major explosions and paroxysms, the most voluminous juvenile component still consists of 
black scoria similar in composition to those of the normal activity (HP-magma), but a second 
component consists of a highly-vesiculate light pumice, representing a volatile-rich magma with 
low phenocryst content (hereafter the “LP-magma”) (Bonaccorso et al., 1996; Francalanci et al., 
1999, 2004; Bertagnini et al., 1999; Métrich et al., 2001). Black scoria and light pumices are usually 
mingled at different scales. 
 
3.1. Petrochemical background 
Black scoria and lavas (HP-magma) have seriate textures with high phenocryst content (ca. 45-
60 vol% of phenocrysts and microphenocrysts) and a glassy to microcrystalline groundmass. The 
most abundant mineral phase is represented by plagioclase (on average ≈ 35 vol. %), followed by 
clinopyroxene (on average ≈ 15 vol. %) and olivine (on average ≈ 5 vol. %). Microphenocrysts 
mostly consist of plagioclase and some olivine (Francalanci et al., 2004, 2005; Landi et al., 2004; 
Bertagnini et al., 2008). 
Clinopyroxene is the largest phase (0.5-5 mm, sometimes around 1 cm in length) and ranges 
from augite to diopside, with Mg# [molar Mg2+/(Mg2++Fe2+)] mainly between 0.70 and 0.91. 
Zoning can be normal or oscillatory, also including this wide compositional variation usually in a 
single large crystal. Outer rims are always augitic (Mg# around 0.74-0.78), in equilibrium with the 
groundmass composition, whereas cores, augitic to diopsidic, are often partially resorbed.  
Olivine from black scoria and lavas commonly ranges between 0.2-3 mm in size, being the 
second largest mineral phase. It varies in composition from Fo64 to Fo74 (average of Fo70) and is 
usually in equilibrium with the groundmass. When present, zoning is weak, normal or reverse.  
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The plagioclase phenocrysts are between 0.1-2.5 mm in length and show a large compositional 
range (An60-87). The largest plagioclase crystals usually have resorbed cores and complex zoning in 
the rims, with sieved textures found either in the cores or in repeated growth zones. The outer rims, 
however, are usually around An65, being the composition of plagioclase in equilibrium with the 
groundmass composition. Glomeroporphyritic aggregates of olivine and clinopyroxene, with 
interstitial plagioclase, are also common in the HP-products (Francalanci et al., 2004, 2005; Landi 
et al., 2004; Bertagnini et al., 2008). The compositional range of olivine, clinopyroxene and 
plagioclase in scoria and lavas has remained nearly the same since the beginning of the 20th century 
(Francalanci et al., 2004) and, probably, since the beginning of the present-day Strombolian activity 
(Bertagnini et al., 2008). 
Light pumice (LP-magma) has a weakly porphyritic seriate texture (< 10 vol % of crystals, 
usually ≈ 5 vol %) with a glassy groundmass. Minerals consist of olivine, clinopyroxene and 
plagioclase, with variable proportions in different samples (Rosi et al., 2000; Métrich et al., 2001; 
Francalanci et al., 2004). Euhedral crystals, in equilibrium with the glassy groundmass, are usually 
small (<0.5 mm), whereas the largest minerals crystallised from the HP-magmas (e.g., crystals in 
compositional equilibrium with and often surrounded by a more evolved glass than the pumice 
glassy groundmass) and were included into the LP-magma by syn-eruptive mingling processes 
(Francalanci et al., 2004). 
Olivine crystals of the pumice generally have a large compositional range (Fo68-86) and 
sometimes, the phenocrysts are strongly reversely zoned: cores with compositions similar to those 
of the olivine in the HP-products and rims and microphenocrysts with the highest Fo contents. The 
latter olivine composition is that in equilibrium with the groundmass composition. Homogeneous, 
and normally or reversely zoned MgO-rich olivine (Fo88-91) are also found in pumices of the large-
scale paroxysms, often associated with Cr-spinel (Cr# 64-67, Mg#59-67) (Bertagnini et al., 2008). 
Clinopyroxene of the pumice shows the same compositional range as found in the clinopyroxene of 
the HP-products with Mg# between 0.69-0.91. Phenocrysts are often oscillatory zoned with the 
outer rims usually having high Mg# values (0.84-0.91), which are similar to those of the 
microphenocrysts and are the clinopyroxene composition in equilibrium with the groundmass 
composition. Plagioclase shows a large variation in An content (An60-90), but microphenocrysts and 
the rims of phenocrysts, which are considered to be in equilibrium with the LP groundmass, usually 
have An > 80%. Single phenocrysts display strong (e.g., An65-85) complex reverse or oscillatory 
zoning. Cores are often partially resorbed and have variable An contents (Métrich et al., 2001; 
Francalanci et al., 2004). 
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The scoria, lavas and pumice erupted since the onset of the Strombolian activity, are high-K and 
shoshonitic basalts. LP-magmas are slightly less evolved than the HP-magmas, with lower silica 
and K2O contents (about 1 wt% and 0.5 wt% of difference, respectively). HP-magmas have slightly 
higher incompatible trace element contents, except for Sr, and slightly lower MgO, Co, Ni, V, and 
Sc abundances than LP-magmas (Rosi et al., 2000; Francalanci et al., 2004, 2005; Bertagnini et al., 
2008).  
The matrix glass compositions of LP- and HP-products are quite distinct. Pumice glasses are 
shoshonitic basalts, whereas scoria and lava glasses have more evolved compositions with SiO2 and 
K2O contents between 51-53 and 3.5-5.2 wt%, respectively. Compositional gaps in MgO (between 
3.8 and 5.5 wt%), CaO (7.8-10 wt%), Al2O3 (16-17 wt%) and FeO (8.6-9.2 wt%) are present 
between the pumice glasses and the scoria and lava glasses. 
Sr isotope ratios of HP-magmas remained nearly constant since the beginning of the 20th century 
to around 1980 A.D. (0.70626 ±2, 2σ) . After 1980, 87Sr/86Sr smoothly decreases to a value of 
0.70615 (Francalanci et al., 1999, 2004, 2005) of the present-days. LP-magmas have significantly 
lower Sr isotope ratios than HP-magmas, with 87Sr/86Sr ≈ 0.70610. Nd isotope ratios of scoria, lavas 
and pumice show a slight inverse correlation with Sr isotopes, but their variation is very low 
(0.51256 ±1; Francalanci et al., 1999, 2004). 
An in-situ major and trace element and Sr isotope microanalysis study was previously performed 
in four samples representing the products of different types of eruption from the present-day activity 
of Stromboli (Francalanci et al., 2005). The samples were collected from the 1985-86 lava flows, 
from the scoria bombs of the 1984 “normal” activity and from the scoria and coeval pumices of the 
1996 major explosion. Large and comparable Sr isotope disequilibrium has been found in 
plagioclase and clinopyroxene. HP-magma crystals have cores with either high 87Sr/86Sr (≈ 
0.70635) or low 87Sr/86Sr (≈ 0.70614-0.70608). In the former case, the cores are usually resorbed. 
Low 87Sr/86Sr values, similar to those found in some cores, are also found in the outer cores grown 
around the more Sr radiogenic cores. Mineral rims and groundmasses generally have similar and 
intermediate 87Sr/86Sr (≈ 0.70628-0.70613). LP-magma crystals have growth zones with similar 
groups of 87Sr/86Sr values, but the lowest values are present in the mineral rims and glassy 
groundmasses.  
 
4. The 2002-2003 eruptive crisis 
 
The 2002-2003 eruptive crisis consisted of several phenomena ranging from the 
contemporaneous lava outpouring from multiple vents (28 December 2002 - 22 July 2003), a 
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paroxysm on 5 April 2003 while lava emission was still in progress, and a tsunami generated by the 
collapse of the Sciara del Fuoco flank into the sea. 
 The effusion started on 28 December 2002 from vents opened at the foot of the NE cone (≈ 600 
a.s.l., Fig. 1) (Landi et al., 2006, 2008; Spampinato et al., 2008). Specifically, the eruption began 
with a short-lived mild explosive episode from a lateral vent, generating a hot avalanche deposit at 
the base of the Sciara del Fuoco, which was soon followed by the overflow of lava from the NE 
summit crater rim. The lava overflow lasted less than one hour and led to the emplacement of an 
exceptionally fluid flow descending the northeast slope of the Sciara del Fuoco down to the sea. 
Soon after, less fluid lava was outpoured from a vent opened in the NE portion of the Sciara del 
Fuoco at 600 m a.s.l. (Fig. 1). After the onset of the effusive activity, the draining of lava from 
lateral vents led to a drop of magma level in the central conduit, to the collapse of the craters and 
the accumulation of cool debris within their bottom, and to the cessation of the mild explosive 
Strombolian activity.  
During the first two days the effusion was characterised by relatively high lava discharge rate 
(Marsella et al., 2008) from different vents and by contemporaneous gravity movements in the 
Sciara del Fuoco which, on 30 December, culminated with two, four minutes apart, tsunamigenic 
collapses of the eastern, both submarine and subaerial, sector of the Sciara del Fuoco. The 
cumulative volume of the landslides has been estimated around 53.5x106 m3 (Bonaccorso et al., 
2003; Tommasi et al., 2004, 2005). Soon after the landslide, effusive activity concentrated in vents 
located at 550 m elevation within the scar left by the landslide. During January momentary stops of 
the lava flow were soon followed by lava outpouring again from the vents at 600 m. a.s.l. at the foot 
of the NE cone (“Pianoro” place; Fig. 1). On 5 April 2003 a paroxysmal eruption occurred in the 
summit craters and in the lava field. It was the most violent event of the last 50 years leading to: a) a 
fallout deposit of bombs, lithic blocks and ash all over the upper part of the volcano, b) a fallout 
deposit of light pumice in the southern flanks of the cone down to the sea, c) the launch of meter-
sized ballistic blocks along the volcano flanks and on the Ginostra village, d) the accumulation of a 
thick pyroclastic flow deposit, rich in mingled scoria-pumice bombs, onto the active lava field in 
the Pianoro. The effusive activity stopped for a couple of hours and then resumed from three vents 
at the edge of the Pianoro (Rosi et al., 2006; Francalanci et al., 2008; Pistolesi et al., 2008; Harris et 
al., 2008). 
 Since middle April 2003, degassing and spattering activity started from the lava vents on 
Pianoro resulting in the rapid growth of two hornitos, attaining an elevation above the lava field of 
25 m in July. Intensification of explosive activity in the central craters also occurred. On July, lava 
output rate decreased and ended on 22 July. The waning phase of the lava output was accompanied 
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with a rapid rise of the magma in the central conduit and the full resumption of the Strombolian 
activity in all the craters (Puglisi et al., 2005; Ripepe et al., 2005; Landi et al., 2006, 2008). The 
total lava volume was estimated at 12.5x106 m3, with an average effusion rate of about 0.7m3/s 
(Marsella et al., 2008). 
 
5. Sampling and analytical methods 
 
29 lava samples were collected during the whole effusive eruption (Table 1 of Landi et al., 
2006). Some rocks derive from the beginning of the effusive activity, collected in the summit area 
near the eruptive fissures and along the Sciara del Fuoco. From January onward, periodic samplings 
of the lava were performed, every 10-15 days, from the active lava channel in the lava field at 550-
600 m a.s.l., generally quenching the samples in water. Scoria and pumice erupted from the 5 April 
paroxysm, were also collected. Because they were strictly mingled together, it was only possible to 
obtain scoria-uncontaminated pumice samples, but not viceversa.    
Modal analyses and major element data of whole rocks, matrix glasses and mineral phases from 
the collected samples of the 2002-2003 eruptive crisis, together with trace element and Sr-Nd 
isotope analyses of whole rocks, were reported and discussed in Landi et al. (2006, 2008) and 
Francalanci et al. (2008). In the present paper, from a representative number of samples of the 
2002-2003 eruptive crisis, we report and discuss i) core-rim micro-Sr isotope data of selected 
plagioclase and clinopyroxene by microdrilling technique, ii) Sr isotope ratios of glassy 
groundmasses (both micro-drilled and separated by handpicking), iii) Sr isotope ratios of some 
separated single crystals of olivine and clinopyroxene, iv) major and trace element data of the 
selected micro-drilled minerals (Tables 1-3, Tables ESM-1, ESM-2). In order to perform 
microdrilling of minerals, the most zoned plagioclase and clinopyroxene crystals were chosen from 
each thin section of the selected samples. 
 
5.1. EMPA-WDS analyses 
Major element analyses of plagioclase, clinopyroxene and glassy groundmass were performed 
by the Jeol JXA 8600 superprobe at the CNR-IGG in Florence. Operating conditions were 15kV 
accelerating voltage, 10nA beam current (monitored on a Faraday cup) and variable counting times 
for major and minor elements. The applied matrix correction method is according to Bence and 
Albee (1968). In order to avoid or minimise alkali loss, we used a defocused beam (10µm) and a 
lower counting time for Na, measuring both Na and K at the beginning of each analyses. Detailed 
description of analytical procedure with precision and accuracy of measurements are provided by 
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Vaggelli et al. (1999). Natural silicate minerals and glasses were mostly used as primary and 
secondary standards, whereas a repeatedly analysed polished section (STR09/96e, glass 
composition reported in Francalanci et al., 2004) from the present-day activity of Stromboli was 
used for further checking of precision and for allowing more detailed comparisons between 
different samples. 
 
5.2. LAM-ICP MS analyses 
Trace element analyses of micro-milled clinopyroxene and plagioclase crystals were performed 
by LAM-ICP MS.  ……. To be written from Vannucci + Tiepolo…………… 
 
5.3. Micro-Sr isotope analyses 
Olivine and clinopyroxene were separated at the CNR-IGG in Pisa for Sr isotope 
microanalyses. After crushing and sieving, samples were 1000-500-250-160 µm grain sizes. 
Mineral separates were obtained firstly using a Frantz magnetic separator, purified by handpicking 
under binocular microscope, then cleaned ultrasonically and dried with pure acetone. Some 
groundmasses were separated by handpicking from the crushed whole-rock samples. 
In-situ Sr-isotope microanalyses were performed on glassy groundmasses and on plagioclase 
and clinopyroxene crystals by microdrilling technique (Fig. 2) using a New Wave™ MicroMill™. 
Micromilling and extraction of strontium at the nanogram level were carried out following the 
method proposed by Charlier et al. (2006) at the Department of Earth Sciences, University of 
Durham (UK). Sample loading and mass spectrometry were executed at the Department of Earth 
Sciences, University of Florence (IT). 
60-150µm polished thick sections were chosen for micromilling. Prior to microsampling, 
optical investigations and in-situ analyses of major and trace elements were carried out by electron 
microprobe and LAM-ICPMS in order to check the typical and most extreme element zoning. 
Information on the Sr content at the sample sites allows determining the sample volume needed for 
each zone to be milled. 
Tungsten carbide conical drill bits were used for milling samples from thick sections at depths 
varying from 50 and 70µm.  
The milling was carried out under a single drop of Milli-Q water, in order to cool and lubricate 
the bit, and to prevent the fine sample dust from being dispersed over the sample surface making 
recovery more difficult. The efficiency of the recovery (based on comparing calculated sample mass 
from the excavation geometry to the actual mass of sample) was in the range of 80-85%. 
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The extraction of strontium at the nanogram level was carried out using micro-columns for 
standard chemical separation technique (SrSpec™ resin). Blank contamination levels were 
monitored regularly, although such resulting small contributions preclude the need for any 
corrections to the sample sizes and the range of 87Sr/86Sr analysed in this study. Precisely, 
considering a micro-sample containing 3ng Sr (typically 3-15ng Sr) and an average blank of 
~12pg, contamination levels were <0.5% of the total Sr present.  
Sr was loaded on single Re filaments. The Parafilm™ was melted onto the filament surface, 
leaving a gap to constrain the sample droplet to the centre of the filament. The TaF5 activator 
(0.7µL)(Charlier et al., 2006) and the sample (taken up in 1µL of 16M HNO3) were sequentially 
loaded into the gap. Once the sample was dry, the current was progressively increased to burn off 
the Parafilm™ and until a dull red glow was achieved for a few seconds. The current on the 
filament was then turned off and the filament lastly covered by a very thin layer of activator 
(0.2µL). Afterwards, the filament was ready to be loaded directly onto the magazine of the mass 
spectrometer. 
Sr isotope ratios were measured on the Thermal Ionisation Mass Spectrometer Finnigan Triton 
TI© (TIMS) equipped with 9 movable collectors. Amplifier gains were calibrated at the start of 
each day and baselines were measured for before the start of each analysis. 87Sr were aligned in the 
axial cup and the data collected in 18 blocks of 15 cycles with each cycle having an integration time 
of 4s. The amplifier rotation option available on the ‘virtual amplifier’ of the Triton was used 
during the analysis to eliminate all gain calibration errors. 87Sr/86Sr values were measured statically 
and corrected using an exponential mass fractionation law to 86Sr/88Sr = 0.1194 respectively, as 
described in Avanzinelli et al. (2005). Replicate measurements of NBS 987 (0.710249, Thirlwall, 
1991) standard (10 ng Sr) during the period of these analyses gave mean values of 87Sr/86Sr = 
0.710252±0.000011 (2σ, n =36). Long term mean values measured over the years 2003-2005 for 
NBS 987 Sr standard were 87Sr/86Sr = 0.710250±0.000012 (2σ, n = 147). Sr isotope measurements 
were usually performed on beam intensities of 4–6V 88Sr, with 85Rb intensities of <1mV.  
 
6. Compositional characteristics of the 2002-2003 products 
 
Lavas and scoria samples collected during the 2002-2003 eruptive crises have not shown 
significant variations of texture and bulk chemical and glassy groundmass compositions with 
respect to those of the HP-magmas erupted during the past decades. Indeed, they bear about 50 
vol.% of phenocrysts and microphenocrysts (45-55 vol%), with the most abundant phase being 
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plagioclase (28-36 vol%), followed by clinopyroxene (10-16 vol%) and olivine (4-7 vol%). They 
are still shoshonitic basalts with SiO2 48.5-50.4 wt% and K2O 2.1-2.4 wt%.  
Even the mineral chemistry of the 2002-2003 HP-products do not differ from that of the scoria 
bombs and lavas erupted from the Strombolian activity in the previous years. Plagioclase is An90-60, 
clinopyroxene is diopside-augite in composition (Mg#: 0.72-0.92) and olivine Fo69-74. The 
oscillatory chemical zoning (Fig. 3) and the solid/liquid equilibrium compositions of each mineral 
phase are similar to those of the previous products. The An content of plagioclase rims is around 
65% in the December and January lavas, but decrease up to 60% in the lava flows of March and 
onwards, due to the decline of the effusion rate after the beginning of the eruption (Landi et al. 
2006, 2008 and references therein). 
Time variations of whole-rock major and trace element contents during the 2002-2003 effusive 
events are very small. Only a slight decrease of the most incompatible trace element contents is 
evident after the 5-April paroxysm (Landi et al. 2006, 2008 and references therein).  
The pumices (LP-magma) erupted by the 5 April paroxysm have whole-rock, matrix glass and 
mineral compositions generally similar to those of their analogues from previous paroxysms. The 
2003 pumices, however, do not contain stable high-MgO olivine, usually typical of large-scale 
paroxysms, and have slightly lower compatible element contents than the previously erupted 
pumices (Métrich et al., 2005; Francalanci et al., 2008).  
 
6.1. Sr-isotope and trace element microanalytical results 
Sr isotope ratios of whole-rocks and groundmasses of lavas slightly decrease with time, passing 
from 0.706163±5 to 0.706146±7 and from 0.706161±12 to 0.706134±7, respectively (Fig. 4; Table 
3a,b). The decrease is more accentuated after the paroxysm, starting from May for the groundmass 
and June for the whole-rocks. In the samples where Sr isotope data are available on whole-rock and 
groundmass, it is evident that the groundmasses generally have slightly lower Sr isotopes than the 
respective whole-rocks, a part from some samples of pre-paroxysm period (the onset lavas and 6 
March samples). This behaviour is particularly clear in the samples from the May lavas onwards.  
In respect with the previous HP products erupted during about the last decade (up to June 2002), 
only the onset lavas have similar Sr isotope ratios, whereas the lavas erupted from February 
onwards show lower 87Sr/86Sr values. 
The matrix glass of the scoria (HP-magma) erupted by the 5-April paroxysm has Sr isotope 
ratios similar to those of the groundmass of lavas erupted since two months before and nine days 
later. The 87Sr/86Sr values of pumice samples (LP-magma) erupted by the 5-April paroxysm are 
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lower than those of the HP-products and similar to those of the LP-products erupted by the previous 
major explosions during the 1996-2000 period.  
For the purposes of mineral microanalysis, the analysed crystals have been generally subdivided 
in hypothetical zones that, from the internal to the external part, are called “core, outer-core, inner-
rim, rim and outer-rim”. These zones are commonly defined by compositional zoning or by variable 
sieved textures of the crystal analysed. The mineral microdrilling for Sr isotope data, however, does 
not always interested the single zones but, sometimes, it included different crystal zones in a single 
micro-drilled portion of the mineral. The different cases of microdrilling can be observable in 
Figure 2 for the 28-December-2002 lava sample, which is reported as example for all the other 
samples. The milled zones in the plagioclases Pl3 and Pl1 are narrow and well defined, but in the 
plagioclase Pl2 and Pl4 the intermediate and external drilled portions include different mineral 
zones (Figs. 2, 5a).  
Results of micro-Sr isotope analyses have shown a large isotopic variability (overall between 
0.706647±11 – 0.705966±12), even in a single sample, and a persistent isotopic disequilibrium both 
inside the crystals and between mineral-groundmass. These characteristics are found in all the 
samples analysed and especially in those from the post-paroxysm lavas. Indeed, in the pre-
paroxysm lava samples and in the syn-paroxysm scoria, whole-rock has Sr isotope ratio similar or 
close to that of the corresponding groundmass, although most of the internal zones of the analysed 
crystals have 87Sr/86Sr values higher than those of the groundmass. The analysed outer-rims, 
moreover, have 87Sr/86Sr values similar to those of the groundmass (Figs. 5a, 6a, 7a). In the post-
paroxysm lava samples, all the analysed crystal zones generally have 87Sr/86Sr values higher than 
those of the whole-rocks which, in turn, have Sr isotopes higher than those of the respective 
groundmasses (Figs. 6b, 8a, 9a).  
As for the separated single crystals, their Sr isotope ratios fall in the isotopic range found for the 
crystal zones and some of them are in equilibrium with the groundmass value. The latter case seems 
to be particularly found in the olivine crystals which, among three crystals analysed, only the one 
analysed in the 14-April-2003 lava sample is found in disequilibrium (Figs. 4-9, Tables 3a,b). 
In the 28-December-2002 lava sample (the onset lava) (Fig. 5a), a single separated 
clinopyroxene crystal and the drilled external part, not zoned, of a large clinopyroxene (Cpx13) 
have given higher 87Sr/86Sr values than the groundmass value (Fig. 2, 5a, Tables 1,3a). The analysed 
plagioclase crystals generally have Sr isotope ratios between 0.70625 and the value of whole-rock 
and groundmass (0.70616), except for the core of plagioclase-Pl1 showing the high value of 
0.70665. Three plagioclase crystals (Pl1, Pl2, Pl4) display the same trend of decreasing 87Sr/86Sr 
from core to outer-rims, whereas in the plagioclase-Pl3 the highest 87Sr/86Sr is found in the outer-
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core. The external parts of the drilled plagioclase crystals generally have 87Sr/86Sr values close to 
the groundmass values, especially for the outer-rims of plagioclase-Pl1 and -Pl4. 
Trace element analyses were performed on crystal zones without sieved textures or fluid 
inclusions. Thus, they were analysed in inner- and outer-rims of plagioclase-Pl2 and -Pl4 (An% 
between 64-71) and on the external part of the clinopyroxene-Cpx13 (Mg# = 0.74). Chondrite-
normalised (Anders and Grevesse, 1989) patterns for these data are plotted in figures 5b,c,d. In 
respect with chondrite values, plagioclases are mostly enriched in Ba, Sr, Eu and LREE (light rare 
earth elements). REE are negatively fractionated and positive Eu anomalies are not correlated with 
the An content (Figs. 5b,c; Table 2a). Clinopyroxene patterns are particularly enriched (>10 
chondrite) in Hf, Zr, Sc and REE, which show a bell shaped pattern for LREE and negative Eu 
anomalies (0.7-0.8) (Figs. 5d; Table 1). 
In the 06-March-2003 lava sample, two plagioclase crystals drilled for Sr isotope analyses (Pl2, 
Pl3) show a decrease of 87Sr/86Sr from core to rim, whereas plagioclase-Pl4 has the opposite trend. 
87Sr/86Sr values are generally lower than 0.70630, with rims of plagioclase-Pl2 and -Pl3 having 
values close to the groundmass values (Fig. 6a; Table 3a).   
   In the 5-April-2003 scoria and pumice samples, Sr isotope ratios of the analysed minerals are 
lower than 0.70630, except for a higher ratio (0.70640) found in the plagioclase-Pl3 core. The 
internal part of the clinopyroxene-Cpx1, including a large diopsidic outer-core (Mg# = 0.89), has a 
87Sr/86Sr value (0.70597) significantly lower than the groundmass values, whereas its outer-rim is in 
equilibrium with the groundmass. Similar 87Sr/86Sr values to those of the groundmass are also found 
in a separated olivine crystal and in the plagioclase-Pl1 core (Fig. 7a; Table 3a), which shows the 
highest 87Sr/86Sr in its outer-core. Plagioclase-Pl2hP, found in the pumice, displays an increase of 
87Sr/86Sr from outer-core to rim.  
Chondrite-normalised trace element patterns of plagioclase are similar to those reported for 
plagioclase of the 28-December-2002 sample (Figs. 7b,c,d,e). Trace element patterns of rim and 
inner-rim of Cpx1 are similar to the patterns of Cpx13 analysed in the onset lava flow, but the 
outer-core of Cpx1 shows a pattern shifted towards lower trace element contents (Figs. 5d,e). The 
latter characteristic of Cpx1 outer-core is correlated with its higher Mg# and lower 87Sr/86Sr value. 
The pattern of Cpx1 outer-core also has no Eu anomaly and less fractionated LREE in respect with 
the patterns of the other Cpx1 zones (Fig. 5e; Table 1).  
In the 13-May-2003 lava sample a separated clinopyroxene has 87Sr/86Sr value nearly similar to 
the groundmass value. The two drilled plagioclase crystals, including their outer-rims, show Sr 
isotope ratios between 0.70630 and 0.70620, which is higher than the groundmass value (0.70614) 
(Fig. 6b). 
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In the 17-May-2003 lava sample, a separated single olivine and a single clinopyroxene crystal 
have 87Sr/86Sr values analogous or higher (0.70623) than the groundmass value (0.70614), 
respectively. The drilled zones of three plagioclase crystals (Pl1, Pl2, Pl3) and of one clinopyroxene 
(Cpx2) have shown 87Sr/86Sr values between 0.70618 and 0.70624, also including some outer-rims 
and consequently indicating isotopic disequilibrium with the residual liquid (Fig. 8a).  
Chondrite normalised trace element patterns for plagioclase and clinopyroxene are similar, in 
shape and contents, to the patterns of the same minerals in the previous samples (Figs. 5b-e, 7b-e, 
8b-e). No correlation seems to be present in plagioclase between An contents and trace element 
characteristics, whereas in the clinopyroxene-Cpx2, the higher Mg# of outer-core is correlated with 
the lower trace element contents and the lack of Eu anomaly (Fig. 8e), as it occurs in Cpx1 of 5-
April-2003 scoria sample (Fig. 5e).  
In the 20-July-2003 lava sample (the last erupted lava), a separated clinopyroxene crystal has Sr 
isotope ratio of 0.70618, which is not in isotopic equilibrium with the groundmass, having a lower 
ratio (0.70613) (Fig. 9a). This is also the condition of plagioclase-Pl2 and -Pl3, especially the Pl2 
crystal with 87Sr/86Sr between 0.70638-0.70631. Only the external part of Pl1 has a lower 87Sr/86Sr 
value (0.70615), close to the groundmass value (Fig. 9a, Table 3b).  
Chondrite-normalised trace element patterns of plagioclase show similar characteristics to the 
previously described plagioclases, with no correlations between trace elements and An content or Sr 




The microanalyses reported in this paper on the products erupted during the 2002-2003 eruptive 
crisis show a more complex magmatic system than that previously figured out on the bases of the 
whole-rock data (e.g., Metrich et al., 2005; Landi et al., 2006, 2008; Francalanci et al., 2008). In 
respect with the other geochemical and mineralogical data, Sr isotope ratios on whole-rocks more 
significantly change along the course of the effusive event. They only show, however, a tiny 
decrease after February 2003 which becomes slightly more accentuated in the June- and July-2003 
samples (in general from 0.706165 to 0.706145) (Fig. 4). Instead, the micro-Sr isotope ratios 
reported here point out variable isotopic disequilibria between the different zones of plagioclase and 
clinopyroxene and between minerals and groundmass, with a larger variation of 87Sr/86Sr values, 
ranging from 0.70597 to 0.70665 (Figs. 5-9). 
Comparing the Sr-isotope data of whole-rock/groundmass pairs of the samples analysed from the 
2002-2003 products, it is evident that some samples of lavas erupted before 5-April-2003 paroxysm 
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have similar values in whole-rock and groundmass, whereas in most of the other samples, and 
especially in those from May-2003 onwards, the groundmass has systematically lower Sr isotope 
ratios. On the other hand, all the analysed samples contain phenocrysts in isotopic disequilibrium 
with the groundmass, having generally higher Sr isotope values (up to 0.70665; Fig. 5a), but also 
lower 87Sr/86Sr as the case of the Cpx1 core of 5-April-2003 scoria (0. 0.70597; Fig. 7a). Obviously, 
only the separated minerals and crystal outer-rims having 87Sr/86Sr value similar to that of the 
respective groundmass are in equilibrium with the host liquid. 
These data will be discussed and interpreted in the lights of the present knowledge on the 
dynamics and plumbing system configuration at Stromboli, which will be briefly resumed in the 
following section. 
 
7.1. State of the art on the dynamics and plumbing system of the present-day activity  
Since its beginning, the Strombolian activity has been dominated by the interplay between 
magmas having contrasting density and viscosity: the shallow, crystal-rich and degassed magma 
(HP-magma) and the nearly-aphyric, volatile-rich magma of deeper derivation (LP-magma). These 
magmas are sited in a polybaric multi-reservoir plumbing system and interact in different ways 
(mingling - mixing), depending on the variable eruptive dynamics (Francalanci et al., 1999, 2004, 
2005). 
The LP-magmas are sited at a lithostatic pressure of 190-250 MPa, as derived from the H2O-CO2 
dissolved contents (initial water content of about 3.0 wt%) of melt inclusions in equilibrium olivine. 
They derive from their volatile-rich parental melts by crystal fractionation of mafic phases. These 
calculated pressures give a magma pond zone located at ~7-10 km depth (Métrich et al., 2001, 
2005, 2010; Bertagnini et al., 2003). The LP-magma reservoir is periodically recharged by a mafic 
Ca-rich magma with relatively low Sr isotope ratios (~0.70608) and containing CO2-rich gas phase 
(Francalanci et al., 2005; Métrich et al., 2010).   
The quite similar basaltic composition of the erupted HP-/LP-magmas (scoria/pumice) pairs, 
which contrasts with the marked difference in their crystal and volatile contents, has been 
interpreted as an example of crystallization driven by water-loss at very low pressure level which 
moves the LP-magma composition to that of the HP-magmas (Métrich et al., 2001; Bertagnini et al., 
2003). Nevertheless, the different Sr isotope characteristics of the HP- and LP-magmas suggested a 
much more complex plumbing system, in which the HP-magmas reside at a shallow level of ~2-3 
km depth. This magma rest zone was firstly hypothesized in order to explain the homogeneous Sr 
isotope data of the HP-magmas (Francalanci et al., 1999, 2004), taking also into account the 
possible remnant of an old structure at this pressure level (Vaggelli et al., 2003). A magma storage 
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zone at ~1-3 km depth has been later suggested also on the basis of gas plume composition 
calculations (Aiuppa et al., 2009; Allard, 2010) and of melt inclusion data (Métrich et al., 2010). 
The dissolved water content of LP-magma is high enough to prevent plagioclase crystallization, 
except at the ultimate stages of its transfer to the surface when the water loss at lower pressure, 
drives the melt composition towards the stability field of plagioclase. On the contrary, plagioclase is 
the dominant mineral phase of the shallow degassed HP-magmas where it crystallizes in 
equilibrium with clinopyroxene and olivine (e.g., Francalanci et al., 2004; Landi et al., 2004; Di 
Carlo et al., 2006; Bertagnini et al., 2008). 
Minerals in scoria record strong chemical, isotopic and textural heterogeneity providing evidence 
of repeated and discrete arrivals of water-rich, less Sr radiogenic LP-magmas in the shallow system. 
The HP-magmas, therefore, undergo crystallization of olivine, pyroxene and plagioclase together 
with periodic mixing with the refreshing volatile-rich LP-magmas which determines crystal 
dissolution.  The mixing process, favored by vigorous convection, leads to maintain the uniform 
compositional characteristics of the HP-magmas with time and, in particular, to re-homogenize the 
Sr isotopes. An efficient mixing is possible because the HP-magmas in the shallow reservoir are not 
fully degassed when they interact with the LP-magmas, thus the two magmas have more similar 
rheological characteristics. Further degassing and crystallisation occur as the HP-magmas move 
through the conduits to the surface, thus reaching their high crystal content. The overall decrease of 
Sr isotope ratios with time in the HP-magmas starting from 1980-1985 was due to the nearly coeval 
decrease of 87Sr/86Sr values in the replenishing LP-magmas. The LP-magmas erupted by the 
different-scale paroxysms are usually deeply mingled with the coeval HP-magmas (syn-eruptive 
scoria-pumice mingling) because only in those cases they arrive directly to the surface without 
mixing with the HP-magmas at shallow levels (Francalanci et al., 1999, 2004, 2005; Armienti et al., 
2007; Fornaciai et al., 2009).  
In addition to the previously mentioned magma rest zones, the presence of an intermediate 
cumulus crystal-mush body, where plagioclase and pyroxene recorded the highly variable and high 
Sr-isotope signature of the previous magmas, was also proposed for explaining the large Sr isotope 
disequilibrium found in plagioclase and clinopyroxene of products erupted in 1984, 1985 and 1996. 
During the periodic magma recharge events, LP-magma passes through the cumulus reservoir 
sampling minerals and transporting them into the shallower reservoir. These minerals can be 
resorbed before a crystal zone in equilibrium with LP-magmas forms around them due to degassing 
at shallow level (Francalanci et al., 2005).  
Finally, a topic of recent discussion is the respective role of magma and/or gas in triggering the 
paroxysmal eruptions. The rapid ascent, from a depth of 7-10 km, of bubbly LP-magma blobs in 
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which magma remains in equilibrium with its gas (Métrich et al., 2010) is opposite to the 
hypothesis of the catastrophic ascent of CO2-rich gas blobs formed by intermittent collapse of 
bubble foams accumulated at sill-like discontinuities below the volcano (from 3 up to 10 km deep 
depending on the paroxysm energy) (Allard, 2010).  
 
7.2. Significance and age of the high Sr-isotope crystal zones 
Cores of plagioclase and clinopyroxene crystals, usually resorbed, with higher Sr-isotope ratios 
than those of the groundmass values (up to 0.70635) were already found in samples of the present-
day activity of Stromboli, specifically in the 1984, 1985 and 1996 scoria, lava and pumice. They 
have a variable chemical composition (An58-85 and Mg# 0.70-0.90, respectively) and were 
considered to derive from a cumulus crystal mush reservoir formed during the previous activity 
(Francalanci et al., 2005). Hence, these crystals are grown in and recycled from closely related 
progenitor magmas and they can be called “antecrysts” according to Davidson et al. (2007).  
The results reported in the present paper indicate that these antecrysts, generally found as inner 
and resorbed parts of the most zoned phenocrysts, are still present on the 2002-2003 Stromboli 
magmas (Figs. 2, 5-9). Furthermore, bulk minerals with higher Sr-radiogenic than their host 
groundmass, separated from samples of the following 2007 lava flows, still point to the presence of 
antecrysts in these magmas (Landi et al., 2009). The occurrence of recycled minerals inherited from 
the previous activity, therefore, is not a phenomenon of a specific period of activity, but it is a 
characteristic of the present-day plumbing system of Stromboli and, together with the HP- and LP-
magmas, it represents a significant component contributing to the persistence of the typical steady 
state conditions of this volcanic system.  
According to petrographic observations and considering the most zoned minerals, the amount of 
antecrysts may be roughly estimated at 1/3 of the total crystal content (around 17 vol%). 
On the bases of 87Sr/86Sr values of the high Sr-isotope antecrysts, it is possible to hypothesise the 
period of activity during which they crystallised. Indeed, the subaerial rocks of Stromboli have 
variable Sr isotope ratios (Fig. 1) with the highest values, ranging between 0.70660-0.70760, found 
in the potassic rocks of the Neostromboli period (13-6 ka). Starting from the end of this period and 
for all the following Recent period, the 87Sr/86Sr values of the erupted products generally decreased 
with time until the present-days, starting from 0.70669 (“Pizzo-Sopra-la-Fossa tuff”) to 0.70615 
(current volcanic activity). The antecrysts of the 2002-2003 rocks have a Sr-isotope range between 
0.70665 - 0.70617, which perfectly encompasses all the values of the Recent period products. The 
highest antecryst value of 0.70665, however, could also record the Neostromboli activity, thus 
possibly indicating also recycling in the present-day system of older crystals formed during the 
 20 
Neostromboli period (13-6 ka). Nevertheless, Neostromboli rocks are potassic trachybasalts with 
higher trace element and potassium contents than the shoshonitic basalts of the Recent period. 
Accordingly, comparing the trace element composition of minerals, it is possible to exclude the 
Neostromboli period for the provenience of these antecrysts (Fig. 10). Indeed, K2O of plagioclase 
and trace element contents of clinopyroxene of the 2002-2003 products, never overlain the 
compositional field of the potassic rock minerals (i.e., KS series of Neostromboli period), but they 
show the typical mineral compositions of the Stromboli shoshonitic series (Fig. 10). Thus, the latter 
characteristic, together with the high Sr-isotope value (the pre-Neostromboli shoshonitic activity 
has Sr-isotope ratios lower than 0.70620, Fig. 1), constrain the provenience of the high Sr-isotope 
antecrysts from the Recent period.  
The Recent period of activity includes several volcanic events, occurring after the potassic 
Neostromboli period until the present-days, and mainly emplacing the “Pizzo-Sopra-la-Fossa tuff 
cone”, “San-Bartolo lavas”, “Post-Pizzo series”, “sub-Recent-Sciara lavas” and the “Sciara 
products” (Hornig-Kjarsgaard et al., 1993; Petrone et al., 2004, 2006). Specifically, the shoshonitic 
basalts of “Pizzo-Sopra-la-Fossa tuff cone”, with the highest Sr-isotope ratios of the Recent period 
(up to 0.70669) (Petrone et al., 2004; Di Salvo, 2010), are also the oldest products of this period, 
having an age of about 2.5 ka (Rosi et al., 2000; Speranza et al., 2008; Di Salvo, 2010). This limits 
the crystallization age of the antecrysts with the highest Sr-isotope ratios at a period not older than 
about 2.5 ka.    
Furthermore, it is important to note that most of the 87Sr/86Sr values (ca. 80%) measured in the 
high Sr-isotope antecrysts (crystals with 87Sr/86Sr > ca. 0.70618) of 2002-2003 products, is lower 
than 0.70628, which is the highest value registered in the present-day activity during the twentieth 
century and possibly during the last 600 years (Francalanci et al., 1999, 2004 and unpublished; 
Speranza et al., 2008). This means that these crystals could be possibly crystallised in the last 
hundreds years and recycled by the dynamics of the present-day Strombolian activity. 
 
7.3. Significance of the low Sr-isotope crystal zones 
A crystal zone with chemical (high An% or Mg#) and Sr-isotopic (low 87Sr/86Sr) composition in 
equilibrium with the LP-magmas, was found around the high-Sr-radiogenic cores of 1984 and 1996 
scoria, leading to hypothesise these cores were brought into the shallow HP-system by the 
refreshing LP-magma, which passes through the crystal mush reservoir, “collects” the crystals and 
leads to crystallise a low Sr-isotope crystal zone around the cores (Francalanci et al., 2005). In the 
micro-Sr isotope data of 2002-2003 lavas, crystal zones with low Sr-isotope ratios (in equilibrium 
with LP-magmas) around the high Sr-radiogenic cores are not found. A possible reason is that these 
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crystal zones are not drilled because they are quite thin. An example of this could be the 
clinopyroxene-Cpx2 of figures 8a,e, in which between the drilled core and outer-rim there is an un-
drilled, light and thin, intermediate zone with MgO-richer composition and lower REE contents 
than its core and rim (see also Fig. 11 and the sketch of this crystal in Fig.12). Furthermore, the 
same situation also occurred in the 1985 lava sample of Francalanci et al. (2005) and it was ascribed 
to the large size of the drilled crystal zones. A similar reason could be also attributed to the lack of 
these low Sr-radiogenic crystal zones in the 2002-2003 samples. Indeed, an example is shown in the 
plagioclase-Pl2 of figure 2 in which the external drilled zone includes the inner-rim An71, the rim 
An80 and the outer-rim An69. The thin and sieved rim with high An content (An80) could be 
probably crystallised in the LP-magmas during its degassing at shallower level before mixing with 
the HP-magma (e.g., Francalanci et al., 2004, 2005; Landi et al., 2004); thus, it might be a possible 
zone having low 87Sr/86Sr, but it is drilled together with the larger inner-rim and outer-rim having 
lower An contents.  
It is probable that most of the inner crystal zones with lower Sr-isotopes than the respective 
external zones (e.g., Pl3 of 28-December-2002, Pl4 of 6-March-2003, Pl1 of 5-April-2003 scoria; 
Figs. 5-7), also includes low Sr-isotope crystal zones, crystallised by LP-magmas throughout the 
entire history of the mineral. Indeed, due to the general Sr-isotope decrease with time during the 
Recent period of Stromboli activity starting from Pizzo-Sopra-la-Fossa, a similar trend should be 
registered from cores to outer-rims of the mineral phases. This expected trend is effectively the 
most common among the analysed crystals (Figs. 5-9, 11). 
Only one lower 87Sr/86Sr value than the groundmass value, is resulted in the internal part of the 
clinopyroxene-Cpx1 from 5-April-2003 scoria (0.70597) (Tab. 3a; Figs. 7a, 12). This part also 
includes a large diopsidic outer-core with Mg# 0.89 that could be crystallised from an LP-magma, 
as also corroborated by its lower incompatible trace element contents (Fig. 7e). Because the lowest 
known 87Sr/86Sr value of LP-magmas is 0.70605 in 1996 products (Francalanci et al., 2005; 2008), 
the low 87Sr/86Sr value of Cpx-1 outer-core can testify that the Sr-isotope ratios of previous LP-
magmas were even lower than 0.70605. 
The presence of low Sr-isotope crystal zones is also proved by calculation for balancing the Sr-
isotope ratios in the analysed samples. In particular, it is significant to consider the case where the 
whole-rock value is similar to the groundmass value as it happens, for example, in the sample of 28-
December-2002 (Fig. 5a). Because the high Sr-isotope antecrysts are also present in these samples, 
a certain amount of low Sr-isotope crystal zones needs in order to balance the average Sr-isotope 
ratio of crystals with that of the groundmass (or the whole-rock). If the average Sr content of crystal 
zones is considered similar for the two types of crystals in disequilibrium with the groundmass (i.e., 
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high and low Sr-isotope crystal zones), the relative amount of low Sr-isotope crystal zones will 
depend on the 87Sr/86Sr values assumed for the two end-members. For the high Sr-isotope end-
member it is reasonable to use the average 87Sr/86Sr value calculated among all the high Sr-isotope 
antecrysts of 2002-2003 products (i.e., the average of 37 data higher than 0.70618 is 0.70624, which 
is nearly similar to the averages calculated in the single samples). For the low Sr isotope end-
member the lowest value measured (0.70597) or the value of LP magma erupted by the 5-April-
2003 paroxysm (~0.70610) can be considered. Accordingly, 30/70 and 50/50 proportions (wt%) 
between low/high Sr-isotope crystal zones are calculated, respectively. Considering that only one 
low Sr-isotope crystal zone has been drilled, the former proportions seem to be more reasonable, 
possibly suggesting the presence of low Sr-isotope crystal zones with lower 87Sr/86Sr values than 
that of 5-April-2003 LP-magma. Based on the petrographic estimation of about 17% of antecrysts 
(the most zoned crystals: about 1/3 of total crystal content), we may roughly calculate 12% of high 
Sr-isotope antecrysts (17x0.7) and 5% of low Sr-isotope crystal zones on the total rock.  
 
7.4. Variations along the effusive event: interaction between LP- and HP-magmas   
The whole-rock and mineral chemistry data on the products erupted during the 2002-2003 crisis 
have shown that the shallow magmatic system is still maintained in the steady-state conditions 
which characterised the system in the last decades. The general uniform bulk composition of the 
erupted lava indicates the presence of a considerable volume of homogeneous HP-magma residing 
in the shallow plumbing system of the volcano (assuming a lava vesicularity of about 30 vol.%, 
about 0.0088 km3) (Landi et al., 2006, 2008; Marsella et al., 2008). 
 The slight but systematic variation of the most incompatible trace elements and of the Sr-
isotope ratios between bulk-rocks erupted before and after the 5 April paroxysm are suggested to be 
generated by limited mixing (about 20%) between the fresh, volatile-rich LP-magma, erupted as 
pumice during the paroxysm, and the volatile-poor HP-magma feeding the lava flow (Landi et al., 
2006, 2008). In the lights of the micro-analytical data reported here, although the decrease of Sr 
isotope ratios during the lava effusion could be also determined by a decreasing amount of high-Sr 
antecrysts, the corresponding decrease of 87Sr/86Sr values in the groundmasses from the onset to the 
end lavas (Fig.4) is a clear signal of the mixing with low Sr-isotope LP-magmas similar to those 
erupted by the 5-April paroxysm. It can be calculated at about 30% the amount of LP-magma mixed 
with HP-magma for decreasing the 87Sr/86Sr values of the groundmass from the beginning 
(0.706161) to the end (0.706134) of the lava effusion. If a similar calculation is performed using the 
whole-rocks (from 0.706160 to 0.706146), however, this amount is reduced to about 22%. This 
discrepancy of about 8% can be explained by an increased content of high Sr-isotope antecrysts 
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towards the end lavas. It is worthy noting that a similar amount of high Sr-isotope antecrysts (with 
average Sr-isotope ratio of 0.70624) is necessary in the 20-July lava sample for explaining the 
difference in Sr-isotope ratios between the whole-rock (0.706146) and the groundmass (0.706134). 
This increased amount of high Sr-isotope antecrysts towards the end lavas, associated with the 
decrease of Sr isotope ratios in the groundmasses, could be brought in the shallow system by the 
increased arrival of LP-magmas which pass through the crystal mush zone and carry the previously 
formed crystals, in agreement with the already proposed hypothesis (Francalanci et al., 2005). This 
is further corroborated by the presence in the post-paroxysm lavas of high Sr-isotope antecrysts 
with outer-rims in isotopic disequilibrium with the groundmass (Fig. 11), suggesting a very short 
residence time for these antecrysts in the shallow system. 
The above mixing calculations have been performed between the beginning and the end lavas. 
Nevertheless, although the slight decrease of trace element contents seems to commence after the 5-
April paroxysm, the Sr isotope ratios of the groundmasses begin to slightly but significantly 
decrease from February, for decreasing at higher extent from May to July. Furthermore, the 
87Sr/86Sr values of groundmasses in the scoria erupted by the 5-April paroxysm and in the following 
14-April lavas, are similar. This suggests that: i) the arrival of LP-magmas at shallow levels and 
their mixing with HP-magmas seem to be also occurred before the 5-April paroxysm; ii) the rapid 
ascent of LP-magmas to the surface during the paroxysm does not immediately affect the 
composition of the shallow HP-magmas, although the two magmas use the same conduit to the 
surface (Pistolesi et al., 2008 and reference therein), but it possibly affects the composition of lavas 
erupted one month after the paroxysm. The evidence at point (i) is also corroborated by the 
occurrence of few LP glassy shards in ashes erupted on 8-March-2003 (Schiavi et al., 2010), 
together with changes in fluid geochemistry (Aiuppa and Federico 2004; Carapezza, 2004) and 
lowering of Sr isotope ratios in scoria groundmasses (Landi et al., 2008) during October-November 
2002. As for the considerations at point (ii), it is also worthy noting that the mineral bulk 
compositions and zoning patterns of post-paroxysm lavas do not change, maintaining the typical 
crystal outer-rim compositions in equilibrium with the HP-magmas (Francalanci et al., 2004; Landi 
et al., 2006, 2008); furthermore, no	  variations	  in	  the	  crystal	  size	  distribution	  of	  lavas	  are	  found	  immediately	  after	  the	  paroxysm,	  and	  the	  decrease	   in	  nucleation	  density	  observed	  in	  the	  20-­‐July	  lavas	  can	  be	  considered	  to	  be	  the	  only	  petrographic	  effect	  of	  the	  arrival	  of	  LP	  magmas	  in	  the	  shallow	  system	  (Fornaciai	  et	  al.,	  2009).	  	  
Thus, different data do not seem to suggest the same processes: Sr-isotopes of groundmasses 
pointed out that HP-magmas mixed with an increased amount of LP-magmas from the beginning to 
the end of the effusive event, up to a maximum of 30% of LP-magmas in the 20-July lavas, 
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although the mixing seems to be not directly related to the 5-April paroxysm; petrographic and 
mineralogical characteristics, however, do not show the occurrence of this mixing process. We 
previously hypothesized, however, that efficient mixing between HP- and LP-magmas takes place 
in a shallow reservoir sited about 2-3 km depth, where the two magmas have more similar 
rheological characteristics, and a further crystallisation driven by degassing occurs during the 
residing of magma inside the open conduits to the surface (Francalanci et al., 2005). The existence 
of the HP-magma reservoir at intermediate level was later proposed by other authors on the bases of 
different data (e.g., Aiuppa et al., 2009; Allard, 2010; Métrich et al., 2010), although other authors 
still propose a continuous conduit from the deep LP-magma reservoir to the surface (Burton et al., 
2007; Schiavi et al., 2010). It can be, therefore, hypothesized that the LP- and HP-magma mixing 
evidenced by Sr isotope ratios of 2002-2003 lava groundmasses, occurred in this shallow reservoir. 
The following crystallisation in the conduit lead to re-equilibrate the mineral composition and the 
petrographic textures to those typical of HP-magmas and to generate at least 0.0088 km3 of HP-
magma erupted as lava flows. The presence of crystal outer-rims in Sr-isotopic equilibrium with the 
groundmass in the pre- and syn-paroxysm products indicates that crystallisation occurred after 
mixing (Figs. 5-9, 11). Considering the maximum growth rate calculated for these plagioclase 
crystals (10-9-10-8 cm/s; Armienti et al., 2008; Fornaciai et al., 2009), a 0.1 mm large outer-rim 
forms in a time range between several days to some months. This suggests that a considerable 
amount of LP-magma arrived in the shallow reservoir before the onset of the lava flows. 
Schiavi et al. (2010) find different compositions for the LP-magmas erupted as glassy shards in 
ash fallouts on 8-March-2003 in respect with those erupted on 10-April-2003, which have typical 
LP-magma compositions. In particular, the former show higher contents of both incompatible trace 
elements (including Sr) and Ni, Cr, V. The authors explain this anomalous LP-magma composition 
by fractional crystallization of clinopyroxene and olivine associated with minor assimilation of 
dunite and wehrlite assemblages during a slower ascent rate to the surface of a small volume of LP-
magmas occurred on 8-March-2003. Alternatively, in the light of our results, the pre-paroxysm LP-
ash shards could represent the ascent to the surface of LP-magma already present in the shallow 
reservoir during its mixing with the HP-magma (leading to the increase of incompatible trace 
element contents) associated with resorption of previously crystallised minerals (leading to the 
increase of Cr, Ni, V and Sr contents). In the authors’ hypothesis, small volume of LP-magmas 
would have continued to rise up from their deep reservoir during the effusive event, directly 
arriving to the surface. In our alternative hypothesis, the pre-paroxysm LP-magmas would represent 
those arrived in the shallow reservoir some months before and small batches ascended to the surface 
probably due to the decrease of the magmastatic pressure during the lava outpouring. 
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A new input of typical LP-magma from the deep reservoir triggered the 5-April paroxysm by its 
direct arrival to the surface, passing through the conduit without mix with the HP-magma because 
of the different rheology of the two magmas. The new LP-magma left in the shallow reservoir, 
however, started to mix with the interstitial liquid of the HP-magma, leading to the further decrease 
of Sr-isotopes in the groundmasses of lavas erupted from May onwards. Furthermore, the new LP-
magma input also brought more antecrysts in the final lava system and the continuous lava 
outpouring to the surface inhibited the growth of outer-rims in isotopic equilibrium. This apparently 
disagrees with the presence in post-paroxysm lavas of bulk olivine and clinopyroxene with Sr-
isotopes similar to those of the host groundmass. Nevertheless, the growth rate of olivine and 
clinopyroxene is respectively twice and fourth times higher than the plagioclase growth rate 
(Armienti et al., 2007) and the higher undercooling during the lava outpouring should have 
favoured the nucleation instead of the antecryst rim growth. 
 
7.5. Dynamics of the crystal recycling  
Present data on the 2002-2003 eruptive products have shown the presence of high Sr-isotope 
antecrysts, increasing towards the end lavas (about 12% to 12+8=20%) and recording a period of 
activity (the Recent period) ranging from about 2.5 years ago to the present time. They are 
associated with low Sr-isotope crystal zones, crystallized from LP-magmas, possibly in proportions 
of about 3/7 in respect with the high Sr-isotope antecrysts. These results, together with the 
continuous decrease of Sr-isotopes with time in the products of the Recent period, seem to indicate 
a more direct connection between the feeding system of the present-day activity and the source of 
high Sr-isotope antecrysts in respect with the hypothesis previously proposed. The latter considered 
the presence of a cumulus crystal mush zone sited generically below the HP-magma reservoir and 
within the pressure conditions in which plagioclase still crystallises (Francalanci et al., 2005). 
 Alternatively, we could now suggest that the “Pizzo-Sopra-la-Fossa” magma reservoir was the 
beginning magma body of the HP-system. Its continuous refilling by lower Sr-radiogenic LP-
magmas followed by crystallization, lead to the general trend of decreasing 87Sr/86Sr in the Recent 
rocks and to the formation of the present-day HP-magmas with some antecrysts recording this entire 
magma history during their growth. This means that the plagioclase cores with the highest 87Sr/86Sr 
values, as for example that with value akin to that of the “Pizzo-Sopra-la-Fossa” magmas (0.70665), 
are remained in the HP-magma system for about 2.5 ka. Nevertheless, this disagrees with the 
calculated resident times for this system, which are consistently lower, ranging between 1-30 years 
(Gauthier and Condomines, 1999; Francalanci et al., 1999). This discrepancy, therefore, suggests 
again that the old antecrysts are periodically brought into the HP-magma system by the refilling LP-
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magmas which pass through a cumulus crystal mush formed since the “Pizzo-Sopra-la-Fossa” 
activity (Fig. 12). This also agrees with the increase of antecryst content after the 5 April paroxysm. 
We can now propose, however, that the cumulus zone is part of the HP-magma shallow reservoir 
and it forms its lower part, being partially re-mobilized by the gas/volatiles-rich LP-magmas, which 
periodically rise up to refill the HP-magma reservoir (Fig. 12). Due to this process, the latter magma 
body possibly migrated up with time. Before mixing with HP-magmas, the high Sr-isotope 
antecrysts can firstly be resorbed by the host LP-magma and then, following degassing at low 
pressure, a crystal zones in equilibrium with LP-magma can crystallise around the resorbed 
antecrysts (Francalanci et al., 2005).  
Furthermore, these results have also pointed out that about 80% (on 37 measured Sr isotope 
ratios > ca. 0.70618) of high Sr-isotope antecrysts in the 2002-2003 products can be crystallised in 
the last hundreds years. This suggests they are recycled by the dynamic processes of the 
Strombolian activity, which appear to be particularly efficient in recycling crystals considering the 
high percentage content of these high Sr-isotope antecrysts. On the other hand, whatever the 
conceptual model of the volcano is proposed, it is nowadays believed that the periodic mild 
Strombolian explosions leave in the conduit a degassed dense HP-magma descending downwards 
possibly along the conduit walls (Chouet et al., 2003; Colò et al., 2010; Lautze and Houghton, 
2007; Burton et al., 2007; Fornaciai et al., 2009; Metrich et al., 2010). This mechanism leads 
minerals (with possibly degassed silicate melt) to be also recycled from the upper part of the 
plumbing system into the HP-magma reservoir. These minerals sink in a hotter, gas/volatile-richer 
melt (blue down arrows of Fig. 12) undergoing to resorption at different extent depending on the 
conditions of the host melt (i.e., degree of mixing with LP-magmas, of crystallization and 
degassing) and possibly on their place in the reservoir. Obviously, no low Sr-isotope crystal zone 
(i.e., in equilibrium with the LP-magma end-member) can grow on these crystals, except when they 
are settled in the lower part of the magma body and re-mobilized again by LP-magma inputs (e.g., 
Cpx2 of Figs. 8, 12). 
Thus, this intricate dynamics of crystal recycling, in which minerals (and possibly melts) re-
enter in the convective portion of the HP-magma chamber from both lower and upper parts, leads to 









Several new contributions to the understanding of the present-day system of Stromboli arise 
from these large number of chemical and Sr-isotope micro-analytical data on the products of the 
2002-2003 eruptive crisis. 
First of all, we found that the presence of recycled minerals inherited from the previous activity 
(antecrysts) seems to be a constant characteristic of the present-day plumbing system (Figs. 5-9) 
which, together with the interaction between HP- and LP-magmas, allows maintaining the typical 
steady state conditions of this volcanic system.  
The 87Sr/86Sr values of the high Sr-isotope antecrysts (0.70665-0.70618), associated to their 
trace element composition, limit the age of these antecrysts at a period (Recent period of activity) 
not older than about 2.5 ka, starting from the emplacement of “Pizzo Sopra la Fossa” tuff cone to 
the present-day activity (Figs. 5-11).  
As for the dynamics of crystal re-cycling, we propose that antecrysts (and possibly melts) re-
enter in the HP-magma reservoir from both its lower and upper parts. From the bottom, they are re-
mobilised by ascending LP-magmas from a cumulus crystal much reservoir possibly directly 
interconnected with the HP-magma reservoir; whereas at the top, the degassed and dense HP-
magma left in the conduit by the periodic mild Strombolian explosions, sinks in the hotter and 
gas/volatile-richer melts residing in the reservoir (Fig. 12). 
The presence of low Sr-isotope crystal zones, grown in equilibrium with LP-magmas, is inferred 
by several considerations and calculations, in a proportion 30/70 (wt%) between low/high Sr-
isotope crystal zones. Only one low Sr-isotope crystal zone is drilled in the internal part of a 
clinopyroxene (Tab. 3a; Figs. 7a, 12), testifying that the Sr-isotope ratios of previous LP-magmas 
could have been significantly low (0.70597). Based on petrographic estimations, we roughly 
evaluate amounts of 12% of high Sr-isotope antecrysts and 5% of low Sr-isotope crystal zones on 
the whole-rock of the onset lava. The high Sr-isotope antecrysts, however, increases their 
abundance towards the end lavas (up to about 20%), possibly because they are brought by LP-
magmas refilling the shallow HP-magma reservoir during 5-April paroxysm. 
 A sketch of the present-day plumbing system of Stromboli at intermediate pressure (about 2-3 
km depth) is reported in figure 12. This is based on the previously proposed hypothesis (Francalanci 
et al., 1999, 2004, 2005) that efficient mixing between HP- and LP-magmas can only occur in a 
shallow reservoir where the two magmas have more similar rheological characteristics than in the 
conduit (i.e., HP-magmas is less degassed and have a lower crystal content than the HP-magma at 
the surface). Further crystallisation driven by degassing, indeed, is considered to occur in the 
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conduit during the ascent of magma to the surface. The gas/volatiles-rich LP-magmas firstly 
promote resorption of the transported antecrysts and then, following degassing at lower pressure 
and before mixing with HP-magmas, a crystal zones in equilibrium with LP-magma (low Sr-isotope 
crystal zone) can grow around the resorbed antecrysts (see also Francalanci et al., 2005). Even the 
antecrysts re-cycled from the top and descending from the degassed conduit can suffer resorption at 
different extent depending on the conditions of the melt in the HP-magma reservoir (Fig. 12). 
As for the dynamics of magma processes during the 2002-2003 eruptive period, the decrease of 
87Sr/86Sr values in the lava groundmass soon after the onset of the lava flows and the presence of 
minerals and crystal outer-rims in Sr-isotopic equilibrium with the hybrid groundmass (Figs. 4-7, 
11) suggest that a considerable amount of LP-magma (higher than during the normal Strombolian 
activity) arrived in the shallow HP-magma reservoir before the onset of the lava flows and mixed 
with the interstitial melt of the HP-magma (Fig. 12). Indeed, a time spans of months was needed to 
crystallise minerals in isotopic equilibrium with the hybrid melts. This higher amount of LP-magma 
input can be the cause triggering the lava flow eruption. During the 5-April paroxysm, LP-magma 
from the deep reservoir directly arrived to the surface, only mingling with the HP-magma in the 
conduit due to the different rheology of the two magmas. New LP-magma, however, was left in the 
shallow reservoir, affecting the groundmass Sr-isotopes of lavas erupted about one month later 
(from May onwards) (Figs. 4, 6, 8, 9, 11) and carrying more antecrysts in the final lava system. The 
following crystallization in the conduit led the mineral compositions and the rock textures to reach 
those typical of HP-products (Figs. 2, 12). 
Finally, we attempt some considerations on the involved magma volumes and, firstly, we can 
try an estimation of the conduit volume based on the crystallization time of mafic phases in isotopic 
equilibrium with the mixed groundmass of 13- and 17-May-2003 (Figs. 6, 8, 11; Table 3b). Based 
on the hypotheses that mixing occurs in the shallow reservoir and that the effect of mixing with LP-
magma of 5-April paroxysm is evident in the lava groundmass of May, these phases would have 
taken 30-40 days for crystallising from the mixed groundmass during their ascent in the conduit to 
the surface. It is worthy noting that this time period also corresponds to the growth rate of 3x10-8 
cm/s (the maximum growth rate according to Armienti et al., 2007) for a mafic phase of that size 
(about 1 mm). Considering an average mass eruption rate of 0.7 m3/s (= total lava volume divided 
for the entire period of lava effusion; Marsella et al., 2008), we calculate a conduit volume of 0.002 
km3, corresponding to about 25% of the total lava volume erupted (0.0088 km3; Landi et al., 2006; 
Marsella et al., 2008). For a conduit length of about 2.5 km, a radius of 33 m, or a side of 30 m, can 
be calculated for a circle, or square, section conduit, respectively.  
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Furthermore, the total volume of erupted magma as lava flow can represent a proportion of 
about 3% or 20% of the volume of the reservoir according to the two magma chamber volume 
estimations reported in Francalanci et al. (1999) (0.3 or 0.04 km3, respectively, depending on the 
different evaluations of magma input flux at Stromboli; Giberti et al., 1992; Allard et al., 1994; 
Harris and Stevenson, 1997). Although there is no real possibility to choose between the two 
estimated reservoir volumes, we guess more probable the smaller size, mainly based on the short 
time the bulk system takes to re-homogenise the composition (Francalanci, unpublished data). In 
this case, the erupted magma volume during lava effusion would represent a proportion of 20% and 
the estimated conduit volume is a proportion of about 5% of the total magma chamber volume. 
In the end, according to the decrease of 87Sr/86Sr values of lava groundmass along the effusive 
event, we calculated that a total amount of 30% of LP-magma was arrived in the shallow HP-
magma reservoir after the 5-April paroxysm. Thus, estimating a 70% of interstitial liquid in the 
magma reservoir (the crystallinity increases to about 50% along the conduit to the surface) and 
taking in mind the preferred estimation of magma chamber volume, we calculate at 0.0084 
(0.04x0.7x0.3) km3 the total volume of LP-magma input, which is intriguingly the same volume of 
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Table 1 – Trace element contents and compositional end-members in the clinopyroxene crystals 
analysed for micro-Sr isotope ratios, from the 2002-2003 Stromboli products. En: Enstatite, Fs: 
Ferrosilite, Wo: Wollastonite, Mg# [molar Mg2+/(Mg2++Fe2+)]: Mg-value; “-“: below detection 
limits; nd: not determined; N: Chondrite-normalised (Anders and Grevesse, 1989). 
 
 
Table 2a,b – Trace element contents and compositional end-members in the plagioclase crystals, 
analysed for micro-Sr isotope ratios, from the 2002-2003 Stromboli products. “-“: below detection 
limits; nd: not determined. An: Anorthite, Ab: Albite, Or: Orthoclase, Cn: Celsia; N: Chondrite-
normalised (Anders and Grevesse, 1989). 
 
Table 3 – Sr isotope ratios in whole-rocks, groundmasses and minerals (micro-drilled and 
separated) from the 2002-2003 Stromboli products. L: lenght of crystal, DEPTH: depth of drilling, 
TRACE: zones analysed for trace elements. Asterisks + italics: data from Landi et al., (2006). C: 
core, OC: outer core, IR: inner rim, R: rim, OR: outer rim; numbers in brackets indicate anorthite 
content and Mg# [molar Mg2+/(Mg2++Fe2+)] for plagioclase and clinopyroxene, respectively. “-”: no 
significant or available data. All the data from microdrilling are those with reported DEPTH. 
 
Table ESM-1 – Electron microprobe analyses of the clinopyroxene micro-milled for Sr isotope 
data. Mg# [molar Mg2+/(Mg2++Fe2+)]: Mg-value; En: Enstatite, Fs: Ferrosilite, Wo: Wollastonite; 
bdl: below detection limits (0.01 wt%, Vaggelli et al., 1999) 
 
Table ESM-2 – Electron microprobe analyses of plagioclase micro-milled for Sr isotope data. 
Numbers in italics: not drilled zone for Sr isotopes; An: anorthite, Ab: albite, Or: orthoclase, Cn: 











Fig. 1 - Simplified geological map of the emerged Stromboli volcano with reported the 2002-2003 
lava setting along the Sciara del Fuoco scar. P: Pianoro; Pizzo: Pizzo Sopra la Fossa. For each 
legend-box, the referred eruptive period (Paleostromboli, Vancori, Neostromboli, Recent), the age 
in ka, the magmatic series (CA: calc-alkaline, HKCA: high-K calc-alkaline, SHO: shoshonitic, KS: 
potassic) and the range of Sr isotope ratios of the erupted magmas for each period are reported (data 
from Francalanci et al., 1988, 1993, 1999, 2004, 2005; Hornig-Kjarsgaard et al., 1993; Gillot and 
Keller, 1993; Rosi et al., 2000; Speranza et al., 2008 and Di Salvo, 2010); a: craters, b: eruptive 
fissure, c: sector collapse, d: caldera collapse. Map modified after Keller et al. (1993) and Tibaldi 
(2001). 
Inset on the left top: bathymetric map of the Aeolian volcanic arc (Southern Tyrrhenian Sea, Italy) 
showing the Stromboli location. The name of the other main islands (in grey colour) is also 
reported. 
 
Fig. 2 – Scanner image of a polished thin section (60 µm thick) from the 28-December-2002 lava 
sample (STR1202a) (onset lavas), with enlarged pictures of the minerals micro-drilled for Sr 
isotope ratios. The name of the analysed minerals is reported on each picture (Pl: plagioclase, Cpx: 
clinopyroxene). The section shows phenocrysts and microphenocrysts of clinopyroxene (green and 
large crystals), olivine (pale, clear, fractured and large crystals) and plagioclase (pale, sieved and 
zoned crystals) included in a dark glassy groundmass. The coloured areas on the enlarged minerals 
show the crystal zones micro-milled for Sr isotope analyses on each mineral. The obtained 
87Sr/86Sr value for each micro-milled zone is also reported in white colour. The two blue areas of 
Cpx13 and the two external blue areas of Pl2 are collected in two single micro-samples, 
respectively. The general mineral zones recognised are reported in yellow (C: core, OC: outer-
core, IR: inner-rim, R: rim, OR: outer-rim) together with the An content (wt%) of plagioclase and 
the Mg# [mole Mg/(Mg+Fe)] of clinopyroxene for each zone when available. The white spots in 
Pl2, Cpx13 and Pl4 indicate LAM-ICP-MS analyses. 
 
Fig. 3 – Core to outer-rim variation of anorthite contents in some plagioclases micro-drilled for Sr 
isotope analyses (the name of plagioclase is reported for each crystal) from the different samples 
collected during the 2002-2003 effusive event. Each figure is referred to a sample from a product 
erupted in the relative date reported. C: core, OC: outer-core, IR: inner-rim, R: rim, OR: outer-rim.  
 
Fig. 4 – Sr isotope ratios of whole-rocks (full symbols) and groundmasses (gdm; blue open symbol) 
versus time for the products erupted during the effusive event (28-December-2002 – 22-July-2003) 
and the paroxysm (5-April-2003). Only the groundmass with written “scoria” is referred to a scoria 
groundmass (erupted by 5-April paroxysm), the other blue open symbols are referred to lava 
groundmass. The Sr isotope ratios of separated single crystals of olivine and plagioclase from the 
sample of lavas erupted on 14-April-2003 (STR140403), are also reported. As indicated in the 
figure, the coloured fields report the isotopic compositional variation of pumices (yellow: LP-
magma) erupted between years 1996-2000 and scoria (blue: HP-magma) erupted between years 
1994-1999 and 2001-June 2002. The 2000 scoria have a higher 87Sr/86Sr up to 0.70620. Scoria and 
lavas erupted before 1994 and during the entire 20th century have higher 87Sr/86Sr up to 0.70626 
(data of fields are from Francalanci et al., 1999, 2004, 2005 and unpublished). 
 
Fig. 5 – (a) Micro-Sr isotope ratios for core-rim traverses in clinopyroxene (Cpx: triangles) and 
plagioclase (Pl: squares) of the 28-December-2002 lava sample (name: STR1202a). Sr isotope data 
on a separated clinopyroxene crystal (asterisk), on whole-rocks (full circle) and groundmasses 
(open circle) (separated and drilled, Table 3a) are also reported. Legend	  of	  the	  core-­‐rim	  traverse	  of	   minerals:	   full	   violet-­‐squares	   =	   crystal	   cores,	   full	   blue-­‐squares	   and	   green	   triangle	   =	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intermediate	  zones	  of	  crystals;	  open	  light-­‐violet-­‐squares	  =	  prevalent	  outer-­‐rims.	  C:	  core,	  OC:	  outer-­‐core,	   IR:	   inner-­‐rim,	   R:	   rim,	   OR:	   outer-­‐rim.	   Numbers	   in	   parentheses	   indicate	   the	  Mg# 
[mole Mg/(Mg+Fe)]	  of	  clinopyroxene	  and	  the	  An%	  of	  plagioclase	  for	  the	  referred	  crystal	  zone.	  Pl2,	  Pl4	  and	  Cpx13	  are	  crystals	  also	  analysed	  for	  trace	  elements	  by	  LAM-­‐ICP-­‐MS	  and	  reported	  in	   Figure	   5b,c,d.	   (b,	   c,	   d)	   Chondrite-normalised (Anders and Grevesse, 1989) trace element 
patterns for plagioclase (b: Pl2, c: Pl4) and clinopyroxene (d: Cpx13) of the 28 December 2002 lava 
sample. An% for plagioclase and Mg# for clinopyroxene of the analysed zones are also given in 
parentheses in the legends. Element ordering: REE have been reported separately from the other 
elements, which are in order of increasing compatibility into a basaltic mineral assemblage. 
 
Fig. 6 – Micro-Sr isotope ratios for core-rim traverses in clinopyroxene (Cpx) and plagioclase (Pl) 
of the 06-March-2003 lava sample (names: STR060303 and STR040303 for whole-rock) (a) and 
13-May-2003 lava sample (name: STR130503) (b). Sr isotope data on a separated clinopyroxene 
crystal (asterisk), on whole-rocks (full circle) and groundmasses (open circle) (separated and 
drilled, Table 3a,b) are also reported. Legend	  of	   the	   core-­‐rim	   traverse	  of	  minerals:	   full	   violet-­‐squares	  =	  crystal	  cores,	   full	  blue-­‐squares	  =	   intermediate	  zones	  of	  crystals;	  open	   light-­‐violet-­‐squares	  =	  prevalent	  outer-­‐rims.	  C:	  core,	  OC:	  outer-­‐core,	   IR:	   inner-­‐rim,	  R:	  rim,	  OR:	  outer-­‐rim. 
When available, the numbers	   in	  parentheses	   indicate	  the	  An%	  of	  plagioclase	   for	   the	  referred	  crystal	  zone.	  	  
Fig. 7 – (a) Micro-Sr isotope ratios for core-rim traverses in clinopyroxene (Cpx: triangles) and 
plagioclase (Pl: squares) of the 5-April-2003 pumice (yellow area) and scoria (white area) samples 
(names: STR050403hP, STR050403hS and STR050403f, respectively). Sr isotope data on a 
separated olivine (Olv) crystal (cross), on whole-rock (full circle) and separated groundmasses 
(open circle) are also reported. Legend	  of	  the	  core-­‐rim	  traverse	  of	  minerals:	  full	  violet-­‐squares	  =	  crystal	   cores,	   full	   blue-­‐squares	   =	   intermediate	   zones	   of	   crystals;	   open	   green-­‐triangle	   =	  prevalent	  outer	  rims.	  C:	  core,	  OC:	  outer-­‐core,	  IR:	  inner-­‐rim,	  R:	  rim,	  OR:	  outer-­‐rim.	  Numbers	  in	  parentheses	  indicate	  the	  Mg# [mole Mg/(Mg+Fe)]	  of	  clinopyroxene	  and	  the	  An%	  of	  plagioclase	  for	   the	   referred	   crystal	   zone.	   Pl1,	   Pl3,	   Pl1hS,	   Pl2hP	   and	  Cpx1	   are	   crystals	   also	   analysed	   for	  trace	   elements	   by	   LAM-­‐ICP-­‐MS	   and	   reported	   in	   Figure	   7b,c,d,e.	   (b,	   c,	   d,	   e)	   Chondrite-
normalised (Anders and Grevesse, 1989) trace element patterns for plagioclase (b: Pl1hS, c: Pl1, 
Pl3, d: Pl2hP) and clinopyroxene (e: Cpx1) of the 5 April 2003 pumice (yellow area) and scoria 
(white areas) samples. An% for plagioclase of the analysed zones are also given in parentheses in 
the legends. Element ordering: REE have been reported separately from the other elements, which 
are in order of increasing compatibility into a basaltic mineral assemblage. 
 
Fig. 8 – (a) Micro-Sr isotope ratios for core-rim traverses in clinopyroxene (Cpx: triangles) and 
plagioclase (Pl: squares) of the 17-May-2003 lava sample (name: STR170503). Sr isotope data on 
separated clinopyroxene and olivine (Olv) crystals (asterisk and cross, respectively), on whole-rock 
(full circle) and drilled groundmass (open circle) are also reported. Legend	   of	   the	   core-­‐rim	  traverse	  of	  minerals:	  full	  violet-­‐squares	  and	  green-­‐triangle	  =	  crystal	  cores,	  full	  blue-­‐squares	  =	  intermediate	   zones	  of	   crystals;	   open	   green	   triangle	  =	   outer	   rim.	   C:	   core,	  OC:	   outer-­‐core,	   IR:	  inner-­‐rim,	   R:	   rim,	   OR:	   outer-­‐rim.	   Numbers	   in	   parentheses	   indicate	   the	   Mg# [mole 
Mg/(Mg+Fe)]	  of	  clinopyroxene	  and	  the	  An%	  of	  plagioclase	  for	  the	  referred	  crystal	  zone.	  Pl2,	  Pl2,	  Pl3	  and	  Cpx2	  are	  crystals	  also	  analysed	  for	  trace	  elements	  by	  LAM-­‐ICP-­‐MS	  and	  reported	  in	  Figure	  8b,c,d,e.	   (b,	   c,	  d,	   e)	  Chondrite-normalised (Anders and Grevesse, 1989) trace element 
patterns for plagioclase (b: Pl1, c: Pl2, d: Pl3) and clinopyroxene (e: Cpx2) of the 17 May 2003 lava 
sample. An% for plagioclase and Mg# for clinopyroxene of the analysed zones are also given in 
parentheses in the legends. Element ordering: REE have been reported separately from the other 
elements, which are in order of increasing compatibility into a basaltic mineral assemblage. 
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Fig. 9 – (a) Micro-Sr isotope ratios for core-rim traverses in plagioclase (Pl: squares) of the 20-
July-2003 lava sample (name: STR200703). Sr isotope data on a separated clinopyroxene (Cpx) 
crystal (asterisk), on whole-rock (full circle) and separated groundmass (open circle) are also 
reported. Legend	  of	   the	  core-­‐rim	  traverse	  of	  minerals:	   full	  violet-­‐squares	  =	  crystal	  cores,	   full	  blue-­‐squares	   =	   intermediate	   zones	   of	   crystals;	   open	   light-­‐violet-­‐squares	   =	   prevalent	   outer	  rims.	   C:	   core,	   OC:	   outer-­‐core,	   IR:	   inner	   rim,	   R:	   rim,	   OR:	   outer-­‐rim.	  Numbers	   in	   parentheses	  indicate	   the	   An%	   of	   plagioclase	   for	   the	   referred	   crystal	   zone.	   Pl1	   and	   Pl2	   are	   crystals	   also	  analysed	   for	   trace	   elements	   by	   LAM-­‐ICP-­‐MS	   and	   reported	   in	   Figure	   9b,c.	   (b,	   c)	  Chondrite-
normalised (Anders and Grevesse, 1989) trace element patterns for plagioclase (b: Pl1 c: Pl2) of the 
20 July 2003 lava sample. An% for plagioclase of the analysed crystal zones are also given in 
parentheses in the legends. Element ordering: REE have been reported separately from the other 
elements, which are in order of increasing compatibility into a basaltic mineral assemblage. 
 
Fig. 10 – Comparison of clinopyroxene (a) and plagioclase (b) compositions between the 2002-
2003 products (data from the present paper and unpublished) and the other rocks of Stromboli 
belonging to the different magmatic series (CA: calc-alkaline, HKCA: high-K calc-alkaline, SHO: 
shoshonitic, KS: potassic series). (a) Sr versus La and Zr contents for clinopyroxene and (b) 
Anorthite content (An%) versus K2O (wt%) for plagioclase in the different Stromboli magmas. 
These figures show a shoshonitic composition for clinopyroxene and plagioclase of the 2002-2003 
products. Font of comparison data: the trace element contents of clinopyroxene are our unpublished 
data, whereas the plagioclase composition is from Francalanci (1993). 
 
Fig. 11 – (a) Micro-Sr isotope ratios for core-rim traverses in clinopyroxene (triangles) and 
plagioclase (squares) of all the analysed 2002-2003 lava samples. Sr isotope data on separated 
clinopyroxene and olivine crystals (asterisks and crosses, respectively), on whole-rocks (full circles) 
and groundmasses (open circles) are also reported. The error bars are included in the symbol size. 
More detailed legends	   are	   reported	   in	   Figures	   5-­‐9.	  Each figure is referred to a sample from a 
product erupted in the relative date reported.	  The	  horizontal	  line	  indicates	  the	  Sr	  isotope	  ratio	  of	  the	  groundmass	  for	  each	  sample.	  	  
Fig. 12 – Cartoon of the intermediate plumbing system (HP-magma reservoir and crystal mush 
zone) feeding the present-day activity of Stromboli during the 2002-2003 eruptive crisis. Based on 
the data reported in this paper, the picture represents an interpretative model of the shallow HP-
magma reservoir and its relationship with a cumulus crystal mush zone sited below. Some 
significant crystal zoning, effectively found in the specified minerals, are schematically drawn as 
examples (letters indicate the drilled crystal-zones, C:	  core,	  OC:	  outer-­‐core,	  IR:	  inner	  rim,	  R:	  rim,	  OR:	   outer-­‐rim). It is considered that a significant amount of LP-magmas arrived (before and 
possibly after the onset of the lava flow and during the 5-April paroxysm) and mixed in the shallow 
HP-magma reservoir, passing through a cumulus crystal mush zone, formed since the “Pizzo Sopra 
la Fossa” activity (about 2.5 ka ago), and carrying high Sr-isotope antecrysts (grey squares) in the 
reservoir. High Sr-isotope antecrysts (blue squares) also form by the dynamic processes of the 
Strombolian activity, when descending degassed HP-magma sinks in the lower magmas and are re-
cycled by convective movements. 87Sr/86Sr values of the different crystals, crystal zones, antecrysts 
and interstitial liquids are also written in figure. Other explanations are reported in the figure and in 
the text. The crystal size, the conduit width and length are not in scale. The relative aspect ratios of 
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Table 1 – Trace element contents and compositional end-members in the clinopyroxene crystals analysed 
 for micro-Sr isotope ratios, from the 2002-2003 Stromboli products. 
Date 28/12/2002 28/12/2002 28/12/2002 05/04/2003 05/04/2003 05/04/2003 17/05/2003 17/05/2003 17/05/2003
Lithotype Lava Lava Lava Scoria Scoria Scoria Lava Lava Lava
Sample STR12/02a STR12/02a STR12/02a STR050403f STR050403f STR050403f STR170503 STR170503 STR170503
Crystal Cpx13 Cpx13 Cpx13 Cpx1 Cpx1 Cpx1 Cpx2 Cpx2 Cpx2
Zone inner rim rim outer rim outer core inner rim rim core outer core rim
Li - 1.37 2.22 3.60 2.73 3.47 4.64 1.84 2.69
B - - - 1.42 - - 3.03 2.65 -
Sc 98.1 102.5 126.1 72.1 83.9 100.1 106.2 110.3 112.0
Ti 4904 5679 6962 1526 3445 4650 4029 3516 5446
V 378 494 672 183 380 472 513 318 608
Cr 348 212 232 3506 457 328 104 1315 197
Co 27.4 35.2 42.8 31.0 35.6 33.5 48.2 33.5 44.3
Ni 0.00 0.00 0.00 162 67.4 56.1 55.0 132 67.6
Rb - 0.04 0.03 0.03 - - 0.14 - 0.03
Sr 42.1 60.9 67.2 64.2 58.2 59.6 57.3 65.0 69.4
Y 15.6 24.2 27.1 7.74 18.0 22.0 23.8 13.2 26.2
Zr 30.6 54.0 63.8 10.4 36.2 48.6 41.7 32.4 61.1
Nb - 0.238 0.284 0.060 0.178 0.198 0.176 0.093 0.262
Cs 0.037 - 0.010 - - - 0.009 0.010 -
Ba 0.145 0.474 0.533 0.167 0.157 0.127 0.739 0.114 1.54
La 8.26 7.44 8.94 3.21 6.44 7.89 8.64 4.42 10.4
Ce 28.0 29.5 34.8 11.5 25.5 32.0 31.9 16.8 39.7
Pr 4.02 4.70 5.60 1.84 4.41 5.25 5.21 2.78 6.64
Nd 23.1 25.0 29.5 8.85 22.5 27.7 28.9 15.5 34.1
Sm 5.22 7.00 7.58 2.56 6.59 7.56 7.13 4.54 9.36
Eu 1.17 1.55 2.00 0.744 1.60 2.00 1.72 1.26 2.36
Gd 4.86 5.81 6.92 2.04 5.43 6.92 6.72 3.66 7.99
Tb 0.801 0.797 1.00 0.341 0.816 0.928 0.976 0.566 1.13
Dy 4.94 4.74 5.66 1.70 4.22 5.56 5.45 2.96 5.98
Ho 0.722 0.893 1.03 0.344 0.670 0.979 0.976 0.588 1.26
Er 1.69 2.33 2.80 0.720 1.96 2.70 2.45 1.00 2.49
Tm 0.315 0.311 0.329 0.096 0.164 0.314 0.331 0.175 0.302
Yb 2.74 2.17 2.41 0.697 1.47 1.62 1.94 1.09 2.28
Lu 0.332 0.243 0.289 0.080 0.235 0.268 0.253 0.123 0.315
Hf 1.00 2.09 2.47 0.45 1.57 2.03 1.55 1.47 2.13
Ta  - 0.047 0.032 0.016 0.010 0.039 0.021 0.002 0.031
Pb 0.627 0.270 0.339 0.084 0.199 0.203 0.246 0.174 0.391
Th 0.134 0.168 0.250 0.103 0.162 0.194 0.221 0.146 0.209
U - 0.031 0.043 0.045 0.034 0.027 0.055 0.046 0.056
Eu/Eu* 0.69 0.72 0.82 0.96 0.79 0.83 0.74 0.91 0.81
LaN/SmN 0.99 0.67 0.74 0.79 0.61 0.65 0.76 0.61 0.70
GdN/YbN 1.47 2.22 2.37 2.41 3.05 3.53 2.86 2.78 2.90
En 42.8 nd 42.6 49.2 42.5 42.3 41.1 45.2 41.0
Fe 15.7 nd 14.3 5.9 13.6 13.7 13.7 13.6 13.7
Wo 41.5 nd 43.1 44.8 43.9 44.0 45.2 41.2 45.2
Mg# 0.73 nd 0.75 0.89 0.76 0.76 0.75 0.77 0.75
En: Enstatite, Fs: Ferrosilite, Wo: Wollastonite, Mg# [molar Mg/(Mg+Fe2+)]: Mg-value; “-“: below detection limits;
nd: not determined; N: Chondrite-normalised (Anders and Grevesse, 1989).
Table 2a – Trace element contents and compositional end-members in the plagioclase crystals analysed for micro-Sr
isotope ratios, from the 2002-2003 Stromboli products. 
Date 28/12/2002 28/12/2002 28/12/2002 28/12/2002 05/04/2003 05/04/2003 05/04/2003 05/04/2003 05/04/2003
Lithotype Lava Lava Lava Lava Scoria Scoria Scoria Scoria Pumice
Sample STR12/02a STR12/02a STR12/02a STR12/02a STR050403f STR050403f STR050403hS STR050403hS STR050403hP
Crystal Pl2 Pl2 Pl4 Pl4 Pl1 Pl3 Pl1hS Pl1hS Pl2hP
Zone inner rim outer rim inner rim outer rim outer core core outer core rim outer core
Li 4.39 5.81 6.39 4.27 5.21 3.11 4.84 3.56 2.40
B - - - - - - 2.42 - -
Sc 1.83 1.31 1.11 1.16 1.51 0.479 2.11 2.19 1.08
Ti 602 477 482 505 380 253 365 362 356
V 4.93 3.47 3.63 4.24 6 2.33 3.53 4.54 2.64
Cr 0.221 - 2.37 - - 0.948 - 3.46 -
Co 0.961 0.890 0.603 0.870 1.07 0.366 0.960 0.570 1.12
Ni - - - - 0.26 0.211 0.424 0.323 0.636
Rb 3.18 2.62 1.95 2.31 2.6 1.89 2.62 2.34 2.10
Sr 1993 1668 1668 1495 1551 877 1677 1402 1474
Y 0.263 0.237 0.302 0.236 0.35 0.657 0.267 0.210 0.139
Zr 0.171 0.619 0.130 0.293 1.2 0.24 0.11 0.10 -
Nb 0.051 0.042 0.025 0.041 0.3 0.098 - - 0.02
Cs 0.008 - - - 0.04 - 0.01 - -
Ba 767 701 722 631 590 621 644 648 607
La 6.74 5.97 7.26 5.43 6.3 11.6 6.47 5.83 5.97
Ce 11.0 9.92 11.4 8.59 10.8 16.9 10.3 9.22 9.05
Pr 0.920 0.727 0.938 0.699 0.97 1.04 0.781 0.797 0.589
Nd 3.17 2.22 3.02 2.61 2.6 4.92 2.64 2.36 2.89
Sm 0.296 0.314 0.424 0.172 0.28 0.756 0.223 0.251 0.449
Eu 0.990 0.738 0.823 0.749 0.89 1.05 0.639 0.759 1.07
Gd 0.109 0.114 0.278 0.115 0.16 0.133 - 0.152 -
Tb 0.014 0.014 0.007 0.013 0.015 - - - -
Dy 0.040 0.043 0.108 0.085 0.13 - 0.044 - -
Ho 0.010 0.007 0.002 0.006 0.013 0.010 0.016 0.010 0.015
Er 0.027 0.019 0.004 0.012 - - - - -
Tm 0.001 0.001 0.003 - - - 0.015 - -
Yb 0.021 - - 0.007 - 0.144 0.057 - -
Lu 0.002 0.002 - 0.005 - - 0.007 - -
Hf - - - 0.013 - 0.100 0.025 0.040 -
Ta  0.004 0.005 0.002 - 0.003 - 0.005 0.011 -
Pb 6.67 5.34 5.56 4.86 4.61 5.60 4.71 3.68 3.55
Th 0.011 0.019 0.016 0.015 0.157 0.017 0.007 0.013 -
U - 0.01 - - 0.06 - - - -
Eu/Eu* 13.8 9.70 6.85 15.2 11.8 6.46 - 11.0 -
LaN/SmN 14.3 11.9 10.7 19.8 14.4 9.61 18.2 14.6 8.33
GdN/YbN 4.29 13.62 - 0.77
An 71.0 68.6 65.8 64.7 67.0 66.0 76.9 64.8 67.5
Ab 25.6 27.9 29.6 30.6 28.9 30.3 20.7 30.8 28.6
Or 3.1 3.3 4.3 4.4 4.0 3.8 2.2 3.8 3.8
Cs 0.3 0.1 0.32 0.25 0.14 - 0.22 0.54 0.11
“-“: below detection limits; nd: not determined. An: Anorthite, Ab: Albite, Or: Orthoclase, Cn: Celsian;
N: Chondrite-normalised (Anders and Grevesse, 1989).
Table 2b – Trace element contents and compositional end-members in the plagioclase crystals analysed 
for micro-Sr isotope ratios, from the 2002-2003 Stromboli products
Date 17/05/2003 17/05/2003 17/05/2003 17/05/2003 17/05/2003 20/07/2003 20/07/2003 20/07/2003
Lithotype Lava Lava Lava Lava Lava Lava Lava Lava
Sample STR170503 STR170503 STR170503 STR170503 STR170503 STR200703 STR200703 STR200703
Crystal Pl1 Pl1 Pl2 Pl2 Pl3 Pl1 Pl2 Pl2
Zone outer core rim outer core rim rim core rim inner rim
Li 4.11 4.69 3.47 4.06 3.59 4.24 2.74 4.19
B 2.58 - - 1.87 3.28 2.23 - -
Sc 1.05 0.76 1.03 0.99 1.40 1.02 1.05 1.34
Ti 342 325 387 383 351 437 400 373
V 2.08 3.86 5.12 5.4 4.5 6.07 5.47 4.22
Cr - - 1.67 - - - - -
Co 1.76 0.836 0.80 1.89 0.85 0.943 0.791 0.854
Ni 0.645 0.496 0.84 - 0.46 0.445 0.333 0.607
Rb 2.90 1.91 2.86 2.4 2.22 2.70 2.42 2.60
Sr 1520 1510 1509 1485 1561 1386 1420 1649
Y 0.224 0.175 0.262 0.14 0.26 0.314 0.333 0.209
Zr 1.21 0.07 1.33 0.1 0.28 0.65 0.99 0.39
Nb 0.15 0.04 0.21 - 0.04 0.11 0.16 -
Cs 0.02 0.01 0.05 1.40 - - 0.04 0.02
Ba 609 642 603 655 671 662 627 694
La 5.96 5.47 6.55 6.0 6.72 9.10 6.15 5.99
Ce 10.2 10.0 10.15 9.9 11.0 15.8 10.4 12.4
Pr 0.823 0.753 0.797 0.76 0.95 0.683 0.772 0.922
Nd 2.59 2.37 2.62 2.6 2.87 3.39 3.13 3.15
Sm 0.346 0.211 0.165 0.24 0.307 0.336 0.391 0.371
Eu 0.739 0.615 0.778 1.02 1.021 0.867 0.896 0.854
Gd 0.103 0.083 - - 0.169 0.325 0.191 0.270
Tb 0.008 - 0.024 0.010 0.011 0.016 0.021 0.009
Dy - 0.040 - 0.04 0.042 0.154 0.116 0.251
Ho 0.008 - 0.030 - - - 0.01 -
Er - - - 0.028 - - 0.09 -
Tm 0.008 0.004 - - - - - -
Yb - - 0.121 - - - 0.08 0.16
Lu - - - 0.012 - 0.01 0.01 -
Hf 0.043 - - - - 0.05 - -
Ta  0.014 - 0.017 - - 0.011 0.009 -
Pb 4.12 4.29 4.25 3.96 5.13 4.14 3.18 3.72
Th 0.142 0.039 0.090 0.006 0.047 0.065 0.131 0.052
U 0.051 - 0.044 0.01 0.026 0.059 0.030 0.024
Eu/Eu* 9.18 11.8 - - 12.4 7.86 7.84 8.82
LaN/SmN 10.8 16.2 24.8 15.8 13.7 17.0 10.1 9.86
GdN/YbN - - - - - - 1.42 1.90
An 66.7 66.6 83.8 68.9 63.6 65.8 66.6 68.9
Ab 29.4 29.3 14.4 27.4 31.8 29.9 29.4 27.2
Or 3.6 3.8 1.6 3.5 4.3 4.0 3.7 3.8
Cs 0.29 0.26 0.18 0.22 0.29 0.22 0.25 0.18
“-“: below detection limits; nd: not determined. An: Anorthite, Ab: Albite, Or: Orthoclase, Cn: Celsian;
N: Chondrite-normalised (Anders and Grevesse, 1989).
Table 3a - Sr isotope ratios in whole-rocks, groundmasses and minerals (micro-drilled and separated) from the 2002-03 Stromboli prod
DATE PRODUCT SAMPLE TYPE CRYSTAL ZONE & DETAILS L(mm) DEPTH TRACE 
87Sr/86Sr 2σ*10
6
28 Dec. 2002 Lava STR12/02a Whole rock - - (µm) - 0.706160* 5
28 Dec. 2002 Lava STR12/02a Groundmass drilled - 50 - 0.706161 12
28 Dec. 2002 Lava STR12/02a Groundmass drilled - 50 - 0.706147 14
28 Dec. 2002 Lava STR12/02a Plagioclase-Pl1 C 1.5 50 - 0.706647 11
28 Dec. 2002 Lava STR12/02a Plagioclase-Pl1 OC 1.5 50 - 0.706206 9
28 Dec. 2002 Lava STR12/02a Plagioclase-Pl1 OR 1.5 50 - 0.706169 11
28 Dec. 2002 Lava STR12/02a Plagioclase-Pl2 C(83.4) 1.5 50 - 0.706243 11
28 Dec. 2002 Lava STR12/02a Plagioclase-Pl2 IR(71.0)+R(80.0)+OR(68.6) 1.5 50 IR, OR 0.706177 10
28 Dec. 2002 Lava STR12/02a Plagioclase-Pl3 C 1.3 50 - 0.706162 10
28 Dec. 2002 Lava STR12/02a Plagioclase-Pl3 OR 1.3 50 - 0.706216 12
28 Dec. 2002 Lava STR12/02a Plagioclase-Pl3 IR 1.3 50 - 0.706169 11
28 Dec. 2002 Lava STR12/02a Plagioclase-Pl3 R 1.3 50 - 0.706176 11
28 Dec. 2002 Lava STR12/02a Plagioclase-Pl4 C(80.6) 1.2 50 - 0.706195 16
28 Dec. 2002 Lava STR12/02a Plagioclase-Pl4 OC(72.3)+IR(65.8) 1.2 50 IR 0.706196 11
28 Dec. 2002 Lava STR12/02a Plagioclase-Pl4 R(81.9)+OR(64.7) 1.2 60 OR 0.706149 11
28 Dec. 2002 Lava STR12/02a Clinopyroxene separated single crystal - - - 0.706313 7
28 Dec. 2002 Lava STR12/02a Clinopyroxene-Cpx13 IR(0.73)+R+OR(0.75) 4.5 50 IR,R,OR 0.706184 10
28 Dec. 2002 Lava STR12/02b Whole rock - - - - 0.706163* 4
28 Dec. 2002 Lava STR12/02b Groundmass separated - - - 0.706158 4
15 Jan. 2003 Lava STR150103 Whole rock - - - - 0.706163* 5
15 Jan. 2003 Lava STR150103 Groundmass separated - - - 0.706156 5
1 Feb. 2003 Lava STR010203 Whole rock - - - - 0.706152* 6
17 Feb. 2003 Lava STR170203 Whole rock - - - - 0.706160* 7
17 Feb. 2003 Lava STR170203 Groundmass separated - - - 0.706149 8
4 March 2003 Lava STR040303 Whole rock - - - - 0.706154* 6
6 March 2003 Lava STR060303 Groundmass drilled - 70 - 0.706150 11
6 March 2003 Lava STR060303 Plagioclase-Pl2 C 1.6 60 - 0.706283 12
6 March 2003 Lava STR060303 Plagioclase-Pl2 OR 1.6 60 - 0.706229 16
6 March 2003 Lava STR060303 Plagioclase-Pl2 IR 1.6 60 - 0.706227 20
6 March 2003 Lava STR060303 Plagioclase-Pl2 R 1.6 60 - 0.706187 14
6 March 2003 Lava STR060303 Plagioclase-Pl3 OC 1.2 60 - 0.706207 11
6 March 2003 Lava STR060303 Plagioclase-Pl3 R 1.2 60 - 0.706171 9
6 March 2003 Lava STR060303 Plagioclase-Pl4 C 2.5 60 - 0.706143 11
6 March 2003 Lava STR060303 Plagioclase-Pl4 R 2.5 60 - 0.706189 9
18 March 2003 Lava STR180303 Groundmass separated - - - 0.706151 7
5 April 2003 Scoria STR050403hi Groundmass separated - - - 0.706150 7
5 April 2003 Scoria STR050403hS Plagioclase-Pl1hS OC(76.9) 1.0 60 OC,R 0.706209 9
5 April 2003 Scoria STR050403hS Olivine separated single crystal - - - 0.706146 8
5 April 2003 Scoria STR050403f Plagioclase-Pl1 C 1.5 60 0.706148 22
5 April 2003 Scoria STR050403f Plagioclase-Pl1 OC(67.0) 1.5 60 OC 0.706261 16
5 April 2003 Scoria STR050403f Plagioclase-Pl1 IR(81.1)+R 1.5 60 IR 0.706167 14
5 April 2003 Scoria STR050403f Plagioclase-Pl3 C(66.0) 0.7 70 C 0.706401 11
5 April 2003 Scoria STR050403f Plagioclase-Pl3 R(66.1) 0.7 70 R 0.706183 9
5 April 2003 Scoria STR050403f Clinopyroxene-Cpx1 C(0.75)+OC(0.89) 2.5 70 OC 0.705966 12
5 April 2003 Scoria STR050403f Clinopyroxene-Cpx1 IR+R(0.76)+OR 2.5 70 IR,R 0.706147 10
5 April 2003 Pumice STR050403k Whole rock - - - - 0.706098 7
5 April 2003 Pumice STR050403hP Whole rock - - - - 0.706111 7
5 April 2003 Pumice STR050403hP Groundmass separated - - - 0.706116 5
5 April 2003 Pumice STR050403hP Plagioclase-Pl2hP OC(67.5) 1.5 60 C,OC 0.706234 15
5 April 2003 Pumice STR050403hP Plagioclase-Pl2hP R(63.9) 1.5 60 - 0.706290 8
L: lenght of crystal, DEPTH: depth of drilling, TRACE: zones analysed for trace elements. Asterisks & italics: data from Landi et al., (2006). 
C: core, OC: outer core, IR: inner rim, R: rim, OR: outer rim; numbers in brackets indicate anorthite content and Mg# [molar Mg/(Mg+Fe2+)] for
 plagioclase and clinopyroxene, respectively. "-": no significant or available data. All the data from microdrilling are those with reported DEPTH.
Table 3b - Sr isotope ratios in whole-rocks, groundmasses and minerals (micro-drilled and separated) from the 2002-03 Stromboli prod
DATE PRODUCT SAMPLE TYPE CRYSTAL ZONE & DETAILS L(mm) DEPTH TRACE 
87Sr/86Sr 2σ*10
6
14 April 2003 Lava STR140403 Whole rock - - - - 0.706156* 8
14 April 2003 Lava STR140403 Groundmass - - - - 0.706151 7
14 April 2003 Lava STR140403 Plagioclase separated single crystal - - - 0.706183 6
14 April 2003 Lava STR140403 Olivine separated single crystal - - - 0.706193 8
13 May 2003 Lava STR130503 Whole rock - - - - 0.706156* 6
13 May 2003 Lava STR130503 Groundmass separated - - - 0.706139 6
13 May 2003 Lava STR130503 Plagioclase-Pl1 OC(65.2) 2.1 60 - 0.706223 11
13 May 2003 Lava STR130503 Plagioclase-Pl1 IR(67.3) 2.1 60 - 0.706228 11
13 May 2003 Lava STR130503 Plagioclase-Pl1 R(66.0)-OR(71.6) 2.1 60 - 0.706278 22
13 May 2003 Lava STR130503 Plagioclase-Pl2 C 1.3 60 - 0.706218 12
13 May 2003 Lava STR130503 Plagioclase-Pl2 OR 1.3 60 - 0.706218 15
13 May 2003 Lava STR130503 Clinopyroxene separated single crystal - - - 0.706148 8
17 May 2003 Lava STR170503 Whole rock - - - - 0.706157 7
17 May 2003 Lava STR170503 Groundmass drilled - 70 - 0.706142 12
17 May 2003 Lava STR170503 Plagioclase-Pl1 C(70.5) 1.5 60 C 0.706243 13
17 May 2003 Lava STR170503 Plagioclase-Pl1 OC(66.7) 1.5 60 OC,R 0.706200 10
17 May 2003 Lava STR170503 Plagioclase-Pl2 R(68.9)+OR 2.0 60 C,OC,R 0.706200 9
17 May 2003 Lava STR170503 Plagioclase-Pl3 C(66.6) 1.5 60 OC 0.706202 12
17 May 2003 Lava STR170503 Plagioclase-Pl3 R(63.6) 1.5 60 R 0.706224 11
17 May 2003 Lava STR170503 Clinopyroxene separated single crystal 1.5 - - 0.706225 12
17 May 2003 Lava STR170503 Olivine separated single crystal 1.2 - - 0.706143 12
17 May 2003 Lava STR170503 Clinopyroxene-Cpx2 C(0.75) 2.0 70 C,OC 0.706210 12
17 May 2003 Lava STR170503 Clinopyroxene-Cpx2 R+OR(0.75) 2.0 70 R 0.706180 12
6 June 2003 Lava STR060603 Whole rock - - - - 0.706149* 7
3 July 2003 Lava STR030703 Whole rock - - - - 0.706150* 8
3 July 2003 Lava STR030703 Groundmass separated - - - 0.706141 6
20 July 2003 Lava STR200703 Whole rock - - - - 0.706146* 7
20 July 2003 Lava STR200703 Groundmass separated - - - 0.706134 7
20 July 2003 Lava STR200703 Plagioclase-Pl1 R+OR(58.4) 0.7 50 C,R 0.706150 9
20 July 2003 Lava STR200703 Plagioclase-Pl2 C(77.5) 0.8 50 - 0.706377 11
20 July 2003 Lava STR200703 Plagioclase-Pl2 R(66.6)+OR 0.8 50 IR,R 0.706305 12
20 July 2003 Lava STR200703 Plagioclase-Pl3 C+OC 1.5 60 - 0.706200 8
20 July 2003 Lava STR200703 Plagioclase-Pl3 IR+R+OR 1.5 50 - 0.706173 11
20 July 2003 Lava STR200703 Clinopyroxene separated single crystal - - - 0.706179 9
L: lenght of crystal, DEPTH: depth of drilling, TRACE: zones analysed for trace elements. Asterisks & italics: data from Landi et al., (2006). 
C: core, OC: outer core, IR: inner rim, R: rim, OR: outer rim; numbers in brackets indicate anorthite content and Mg# [molar Mg/(Mg+Fe2+)] for
 plagioclase and clinopyroxene, respectively. "-": no significant or available data. All the data from microdrilling are those with reported DEPTH.
Table ESM-1 - Electron microprobe analyses of the clinopyroxene micro-milled for Sr isotope data
Crystal Cpx13 Cpx13 Cpx13 Cpx13 Cpx13 Cpx1 Cpx1 Cpx1 Cpx2 Cpx2 Cpx2
Type Lava Lava Lava Lava Lava Scoria Scoria Scoria Lava Lava Lava 
Sample STR STR STR STR STR STR STR STR STR STR STR
Sample 12 02a 12 02a 12 02a 12 02a 12 02a 050403f 050403f 050403f 170503 170503 170503
Zone core core outer-core inner-rim outer-rim core outer-core rim core outer-core outer-rim
SiO2 52.29 53.17 54.73 51.63 51.38 51.81 53.28 51.63 50.24 52.42 49.48
TiO2 0.84 0.37 0.17 0.78 0.79 0.74 0.20 0.70 0.93 0.61 1.00
Al2O3 3.08 2.92 1.64 3.65 2.93 2.64 1.98 2.89 3.88 1.64 4.14
Cr2O3 bdl 0.60 0.84 0.21 0.04 0.06 0.57 0.15 0.02 0.22 0.10
Fe2O3 0.02 0.64 1.43 2.16 1.54 2.38 2.47 1.45 2.83
FeO 8.52 4.43 3.17 8.83 7.39 6.60 2.35 6.23 5.94 7.03 5.66
MnO 0.26 0.14 0.12 0.25 0.22 0.27 0.07 0.19 0.24 0.26 0.23
MgO 14.68 16.75 18.35 14.74 14.87 14.95 17.76 14.95 14.15 16.01 14.15
CaO 20.88 21.03 21.77 19.87 20.90 21.59 22.50 21.49 21.62 20.30 21.69
Na2O 0.34 0.23 0.16 0.35 0.27 0.31 0.20 0.38 0.39 0.30 0.25
sum 100.91 99.64 100.97 100.95 100.22 101.13 100.46 100.99 99.88 100.23 99.53
En 42.4 48.7 51.2 42.8 42.6 42.2 49.2 42.5 41.1 45.2 41.0
Fe 14.3 7.4 5.2 15.7 14.3 14.0 5.9 13.6 13.7 13.6 13.7
Wo 43.3 43.9 43.7 41.5 43.1 43.8 44.8 43.9 45.2 41.2 45.2
Mg# 0.75 0.87 0.91 0.73 0.75 0.75 0.89 0.76 0.75 0.77 0.75
Mg# [molar Mg2+/(Mg2++Fe2+)]: Mg-value; En: Enstatite, Fs: Ferrosilite, Wo: Wollastonite;
bdl: below detection limit (0.01 wt%, Vaggelli et al., 1999)
Table ESM-2 - Electron microprobe analyses of the plagioclase micro-milled for Sr isotope data
Crystal Pl2 Pl2 Pl2 Pl2 Pl2 Pl4 Pl4 Pl4 Pl4 Pl4 Pl1 Pl1 Pl3 Pl3 Pl1hS Pl1hS Pl2hP Pl2hP Pl2hP
Type Lava Lava Lava Lava Lava Lava Lava Lava Lava Lava Scoria Scoria Scoria Scoria Scoria Scoria Pumice Pumice Pumice
Sample STR STR STR STR STR STR STR STR STR STR STR STR STR STR STR STR STR STR STR
Sample 1202a 1202a 1202a 1202a 1202a 1202a 1202a 1202a 1202a 1202a 050403f 050403f 050403f 050403f 050403hS 050403hS 050403hP 050403hP 050403hP
Zones core outer core inner rim rim outer rim core outer core inner rim rim outer rim outer core inner rim core rim outer core rim core outer core rim
SiO2 47.75 47.62 50.84 48.39 51.30 48.54 50.18 51.70 47.68 52.13 51.53 48.19 51.83 52.38 48.84 51.92 49.50 51.76 51.74
Al2O3 33.31 33.11 31.25 32.60 30.64 32.12 31.17 29.59 32.43 29.79 30.65 32.68 30.66 30.19 32.50 30.34 31.38 30.14 29.80
Fe2O3 0.90 0.80 0.82 0.90 0.99 1.00 0.80 1.09 1.00 0.95 1.08 1.12 1.00 0.95 1.00 1.12 1.13 1.12 1.08
MnO 0.04 0.04 bdl 0.01 bdl bdl bdl bdl 0.02 bdl 0.13 0.04 0.14 0.15 0.15 0.08 0.06 0.10 0.08
CaO 16.88 16.88 14.43 16.25 14.14 16.33 15.00 13.41 16.54 13.31 13.52 16.20 13.40 13.29 15.62 13.29 15.14 13.09 12.89
Na2O 1.68 1.66 2.88 2.00 3.18 1.96 2.83 3.33 1.80 3.48 3.22 1.88 3.40 3.29 2.32 3.49 2.54 3.07 3.50
K2O 0.24 0.25 0.53 0.35 0.58 0.33 0.49 0.73 0.29 0.76 0.68 0.30 0.64 0.65 0.38 0.66 0.40 0.62 0.77
SrO 0.10 0.29 0.19 0.12 0.15 0.12 0.20 0.13 0.17 0.47 0.11 0.22 0.02 0.28 0.15 0.09 0.13 0.16 0.24
BaO 0.11 0.03 0.08 0.05 0.04 bdl 0.06 0.09 0.08 0.07 0.04 0.03 bdl 0.14 0.06 0.15 0.12 0.03 0.03
SUM 101.01 100.68 101.02 100.67 101.02 100.40 100.73 100.07 100.01 100.96 100.96 100.66 101.09 101.32 101.02 101.14 100.40 100.09 100.13
An 83.2 83.5 71.0 80.0 68.6 80.6 72.3 65.8 81.9 64.7 67.0 81.1 66.0 66.1 76.9 64.8 74.6 67.5 63.9
Ab 15.0 14.9 25.6 17.8 27.9 17.5 24.7 29.6 16.1 30.6 28.9 17.0 30.3 29.6 20.7 30.8 22.6 28.6 31.4
Or 1.4 1.5 3.1 2.1 3.3 1.9 2.8 4.3 1.7 4.4 4.0 1.8 3.8 3.8 2.2 3.8 2.3 3.8 4.5
Cs 0.4 0.1 0.3 0.2 0.1 0.2 0.3 0.3 0.2 0.1 0.1 0.5 0.2 0.5 0.4 0.1 0.1
Numbers in italics: not drilled zone for Sr isotopes; An: anorthite, Ab: albite, Or: orthoclase, Cn: Celsian; bdl: below detection limits (0.01 wt%, Vaggelli et al., 1999)
Crystal Pl1 Pl1 Pl1 Pl1 Pl1 Pl1 Pl1 Pl1 Pl2 Pl2 Pl2 Pl3 Pl3 Pl3 Pl1 Pl1 Pl2 Pl2 Pl2
Type Lava Lava Lava Lava Lava Lava Lava Lava Lava Lava Lava Lava Lava Lava Lava Lava Lava Lava Lava
Sample STR STR STR STR STR STR STR STR STR STR STR STR STR STR STR STR STR STR STR
Sample 130503 130503 130503 130503 130503 170503 170503 170503 170503 170503 170503 170503 170503 170503 200703 200703 200703 200703 200703
Zones core outer core inner rim rim outer rim core outer core rim core outer core rim core outer core rim  core outer rim core inner rim rim
SiO2 48.23 51.75 51.93 51.90 50.42 50.93 51.46 51.42 49.32 47.42 50.74 52.26 52.01 51.89 52.17 53.52 49.20 51.11 51.36
Al2O3 32.59 30.03 30.66 30.71 31.41 30.34 30.38 30.04 32.11 33.60 30.75 30.01 30.01 29.96 30.45 29.08 32.54 31.14 30.80
Fe2O3 1.20 1.23 0.98 0.95 1.02 1.61 1.23 1.20 1.08 0.96 0.86 1.21 1.24 1.12 1.00 0.98 1.03 1.06 0.97
MnO 0.09 0.16 0.13 0.12 0.13 0.11 0.13 0.14 0.08 0.14 0.15 0.10 0.13 0.09 0.11 0.09 0.08 0.13 0.12
CaO 15.72 12.95 13.35 13.29 14.54 14.17 13.61 13.33 15.06 16.93 13.88 13.41 13.09 12.86 13.03 11.85 15.61 13.77 13.59
Na2O 2.10 3.31 3.12 3.32 2.84 2.81 3.31 3.24 2.65 1.61 3.05 3.22 3.25 3.56 3.27 4.04 2.22 3.00 3.32
K2O 0.32 0.74 0.65 0.65 0.47 0.68 0.62 0.64 0.40 0.27 0.59 0.65 0.64 0.73 0.67 0.88 0.38 0.63 0.64
SrO 0.28 0.34 0.02 0.29 0.04 0.15 0.14 0.04 0.00 0.17 0.22 0.26 0.17 0.17 0.24 0.31 0.10 0.17 0.16
BaO 0.05 0.07 0.10 0.11 0.10 0.04 0.08 0.07 0.04 0.05 0.06 0.16 0.08 0.08 0.06 0.13 0.07 0.05 0.07
SUM 100.58 100.58 100.94 101.34 100.97 100.84 100.96 100.12 100.74 101.15 100.30 101.28 100.62 100.46 101.00 100.88 101.23 101.06 101.03
An 78.8 65.2 67.3 65.9 71.6 70.5 66.7 66.6 74.0 83.8 68.9 66.6 66.1 63.6 65.8 58.4 77.5 68.9 66.6
Ab 19.1 30.1 28.5 29.8 25.3 25.3 29.4 29.3 23.6 14.4 27.4 28.9 29.7 31.8 29.9 36.0 20.0 27.2 29.4
Or 1.9 4.4 3.9 3.8 2.8 4.0 3.6 3.8 2.3 1.6 3.5 3.8 3.9 4.3 4.0 5.2 2.2 3.8 3.7
Cs 0.2 0.3 0.4 0.4 0.4 0.1 0.3 0.3 0.1 0.2 0.2 0.6 0.3 0.3 0.2 0.5 0.3 0.2 0.3
